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Insect Vectors in Relation to Quarantine, Eradication, 
and Control of Plant Viruses 


L. D. Curistenson, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine 


A symposium covering the general sub- 
ject of insects in relation to plant diseases 
was held during the fiftieth annual meet- 
ing of the American Association of Eco- 
nomic Entomologists. Excellent papers 
were presented by Granovsky (1938), 
Kunkel (1938), Leach (1938), Poos (1938), 
and Stevens (1938). Another review of 
this fascinating field of research is not the 
intent of the present paper, which deals 
instead with insect vectors of plant viruses 
in relation to certain phases of plant 
quarantine. 

One result of the intense research ac- 
tivity characteristic of modern times ts 
the common knowledge that viruses cause 
serious diseases of plants in many parts 
of the world, and that insects serve to 
spread many of these diseases. In a re- 
cent handbook Holmes (1939) discusses 
more than 100 species and strains of 
phytopathogenic viruses “‘affecting seed 
plants.”* Insects are known to be con- 
cerned in the transmission of approxi- 
mately one-half of the viruses treated. 
In the different virus groups as proposed 
by Holmes (1989) insect vectors have 
been discovered in number and percent- 
age of cases as follows: Yellows group 
Chlorogenaceae) 7, or 58.3 per cent; 
mosaic group (Marmoraceae) 35, or 47.9 
per cent; ringspot group (Annulaceae), 
no vectors determined; fiji-disease group 
(Gallaceae) 1, or 25 per cent; spindle- 
tuber group (Acrogenaceae) 3, or 100 per 
cent; leaf-curl group (Rugaceae) 3, or 100 
per cent; leaf-roll group (Coriaceae) 3, 
or 100 per cent; dwarf-disease group 


* Holmes omits discussion of numerous re ported viruses be 
cause their affinities are considered uncertain. Relatively few 
vectors are reported for these. Doubtful re rds wer re 
garded in omputations of percentages of ruses transmiutt b 
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Nanaceae) 3, or 37.5 per cent; savoy- 
disease group (Savoiaceae) 3, or 100 per 
cent; and spotted-wilt group (Lethaceae) 
2, or 100 per cent. 

As vectors of phytopathogenic viruses 
insects may be the only means of natural 
spread afforded, or they may supplement 
other methods. In either case they are an 
undeniable part of the virus disease com- 
plex and cause the problems often pre- 
sented by these complexes to become the 
joint concern of the sciences of plant 
pathology and entomology. The result 
is that efforts to control plant disorders 
caused by viruses must take into account, 
to a degree dependent on the facts of each 
particular case, control of insects as well. 
Moreover, efforts to limit the spread of 
these diseases must take into account 
the organisms responsible for spread. 
When control measures for insects con- 
cerned in virus transmission are under- 
taken, they often must have a_ higher 
degree of effectiveness than is ordinarily 
required, since the percentage reduction 
in population which would be satisfactory 
in other insect-control work may permit 
the survival of a sufficient number of 
insects to cause virus disease outbreaks 
or insure continuance of existing damag- 
ing infections. The failure of normally 
efficient control measures to kill all indi- 
vidual insects of a vector species may 
likewise permit a sufficient number of 
viruliferous insects to survive to intro- 
duce a virus into previously uninfected 
areas. 

The relationship of insect vectors to 
eradication and control problems can be 
illustrated best by first citing a hypotheti- 
cal case of a fruit-tree virus which has 
been introduced and established by bud- 
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ding, but in which insect transmission and 
other modes of natural spread are not, or 
have not, become involved.* In the ab- 
sense of a natural mode of transmission, 
control of the supposed virus would be 
comparatively simple, consisting in the 
main of registration of disease-free trees 
suitable for budding and regulation of 
nursery stock. 

When insects are involved in the 
natural spread of a fruit-tree virus the 
general aspects of the problem are very 
different. A means of tree-to-tree and 
orchard-to-orchard dispersal is at hand. 
The practice of diseased-tree roguing is 
changed from a desirable to a necessary 
one. Constant orchard inspection, often 
fora long period of years, hecomes neces- 
sary. After budwood sources are brought 
under control, new infections, unless 
promptly removed, have a compounding 
effect on the number of subsequent 
infections. 

The nature, degree, and pattern of 
spread are unpredictable and depend on 
factors that influence flight habits and 
population densities of insects. There is 
at hand a ready means whereby the virus 
can perpetuate itself in widely scattered 
alternate susceptible or carrier hosts. After 
the last-known tree has been 
removed in an infected area, there may 
be viruliferous vector individuals still at 


diseased 


large, capable of infecting additional 
trees. It may be necessary to work on 


methods of controlling 
particularly if natural spread occurs to a 
degree more than offsetting the effect of 
diseased-tree removal. Studies of insects 
concerned in transmission may be re- 
quired so that population changes and 
consequent acceleration or retardation in 
the rate of disease spread may be pre- 
dicted. Regulatory measures, especially 
those referring to nurseries, gain added 
significance. In general, the effect of 
insect transmission may be such as to 
jeopardize the successful control of plant 
virus or prevent, or 
attainment of, complete eradication. 

It also becomes important to consider 
the movement of plant host material in 
relation to vectors as well as in relation 
to the virus around which the 


* Such a case is 


vector species, 


disease, postpone 


diseases 


considered to be represented in nature by 
psorosis, a disease of citrus presumably introduced prior to 1896 
which is thought to be of virus origin. I 
24 (7 242-62, illus 


spre ad « 


iweett (Calif. Citrograph 


reports that there is little or no tree-to-tree 


he 
f this disease in California 
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mechanism of regulations operates. In 
the case of phony peach and of peach 
mosaic diseases, inspection of nurseries 
and environs and sources of budwood and 
environs involves only the demonstration 
of the viruses, since the vectors of these 
diseases are unknown. However, any 
quarantine designed to prevent spread of 
peach yellows would necessarily include 
consideration of the plum leafhopper 
(Macropsis trimaculata Fitch), known to 
transmit the virus of peach yellows. 
Increasing knowledge of plant viruses 
and the insects responsible for transmis- 
sion of them has added further evidence 
of the wisdom of the present policy, 
under the so-called Insect Pest Act of 
1905, of strict exclusion of all phyto- 
phagous insects. The following partial 
list of virus vectors and plant viruses not 
vet occurring in the continental United 
States that are transmitted by them 
may be of interest in this connection: 
Cicadulina mbila (Naude), known to 
transmit miaize-streak virus, — typical 


strain, maize-streak virus, cane-streak 
strain, and maize-streak virus, mottle 
strain, in Africa; (. zeae China, another 
vector of maize-streak virus, typical 
strain, and maize-streak virus, mottle 


strain; €. China, a_ vector of 
maize-streak virus, typical and mottle 
strains; \shm.), the 
vector of maize-mosaic virus; Nephotettix 
apicalis var. cincticeps Uhler and Delto- 
cephalus dorsalis Motsch., transmitters of 
rice-dwarf disease in Japan; .fphis le- 
gquminosae Theob., the vector of peanut- 
rosette virus in Africa, Madagascar, and 
Java; Perkinsiella saccharicida Kirk., the 
vector of fiji-disease virus of sugarcane 
in Queensland; P. Breddin, a 
vector of fiji-disease virus of sugarcane 
in the Philippine Islands; Eriophyes ribis 
Nalepa, a mite vector of black-currant 
reversion-disease virus in the British 
Isles: Bemisia gossypiperda M. & =: the 
vector of tobacco leaf-curl virus in Africa, 
India, and Sumatra, and cotton leaf-curl 
virus in Sudan and Nigeria; B. gos- 
sypiperda var. mosaicirectura M. & G., 


store yl 


Peregrinus maidis 


rastatrix 


a vector of cassava-mosaic virus in the 
Belgian Tanganyika; B. 


nigeriensis Corb., a vector of cassava- 


Congo and 


mosaic virus in South Nigeria; Piesma 
quadrata Fieb., the vector of beet- 


kriiuselkrankheit virus in Germany and 
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Poland; and Lygus pratensis L., responsi- 
ble for transmission of rape-savoy virus 
in Germany. Some of the insect species 
listed already occur in the United States, 
but this is not sufficient reason to except 
them since, if infective, individual insects 
may introduce the viruses they transmit. 
Many of the viruses listed attack agri- 
cultural plants of importance to the 
economic welfare of the United States. 

Biological reasons for exclusion of in- 
sect vectors of plant viruses are quickly 
apparent. First, interception of known 
insect vectors of plant viruses that de- 
pend solely on specific insects for spread 
may prevent establishment of the viruses, 
provided no indigenous species are ca- 
pable of serving in a vector capacity; 
second, exclusion of known vectors of 
plant viruses that have become estab- 
lished, or may become established, throuh 
other modes of transmission will have the 
effect of simplifying control of these vir- 
uses by preventing or postponing compli- 
cating influences of an insect method of 
spread; third, interception of known vec- 
tors which do not oceur in the United 
States, but which transmit plant viruses 
that do, will prevent unwelcome additions 
to present methods of spread; fourth, in- 
terception of known vectors may prevent 
introduction and possible establishment of 
plant viruses through the medium of viru- 
liferous individuals, which often remain 
infective for long periods of time, even 
while feeding on immune plants; and, 
fifth, exclusion of known vectors may pre- 
vent establishment of insects that have 
potentialities as plant pests, aside from 
ability to transmit the virus. Undoubt- 
edly there are other justifications which 
could have been cited. 

Because of its general bearing on the 
subject of insect vectors in relation to 
plant quarantine and as an example of the 
type of study desirable in this connection 
it may be of interest to discuss peach mo- 
saic-vector research being conducted by 
the Bureau of Entomology and Plant 
Quarantine in cooperation with the Bu- 
reau of Plant Industry, of the United 
States Department of Agriculture, and 
with various State agencies. 

Peach mosaic is a highly infectious virus 
disease of peach occurring in w idely seat- 
tered areas of Texas, Oklahoma, Colorado, 
Utah, Arizona, New Mexico, and Califor- 
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nia. The natural method of spread is not 
known, but Hutchins et al. (1937) report 
that spread occurs readily among bearing 
and nonbearing trees under natural condi- 
tions and that the disease is not trans- 
ported in irrigation water. Moreover, no 
inoculations through soil, cultivation, 
mechanical contact, pruning, or pollen, 
have been noted or obtained. All informa- 
tion, including that obtained by mosaic 
inspectors working under control and 
eradication projects, lends support to the 
probability that insects are concerned in 
natural transmission. 

As a background for peach mosaic vec- 
tor research it seemed desirable to explore 
the field of vector possibilities by conduct- 
ing an insect survey of peach orchards 
throughout mosaic-infected areas. As a 
modus operandi for survey, a mobile lab- 
oratory, carrying equipment necessary 
to make it an entirely independent unit, 
was constructed and placed in operation. 
This survey unit has thus far accumulated 
approximately 23,000 records of insects oc- 
curring on peach, on related orchard cover 
plants, and in the soil of peach orchards, 
at all seasons of the year, over a 3-year pe- 
riod. identification of much of this materi- 
al* has permitted the choice of mosaic- 
vector suspect species, and has allowed the 
placing of proper test emphasis on these. 

Approximately 1,200 exploratory tests, 
involving more than 40 species of insects 
and a mite, have been completed as of the 
present date, in field plots located at San 
Bernardino, Calif.,t and Brownwood, 
Tex.t Readings on most of these tests will 
not be possible until the spring of 1940. 
All of 204 tests completed late in the sum- 
mer of 1938 showed no mosaic symptoms 
at the end of a year. 

If vector research should result in the 
discovery of an insect mode of transmis- 
sion for peach mosaic another method of 
suppressing this disease would be availa- 
ble. Suppression of population densities of 
a vector or vectors of peach mosaic, or 
regulation based on a knowledge of the 
habits of vectors, may prove necessary to 
the complete success of peach mosaic erad- 

* Grateful acknowledgement is here made of the services 
rendered by the specialists of the Bureau of Entomology and 
Plant Quarantine, United States Department of Agriculture, in 
furnishing prompt identifications of large numbers of the insects 
collected in the course of the survey 

t In cooperation with L. C. Cochran, California Citrus Experi- 
ment Station, Riverside, Calif 


t In cooperation with L. M. Hutchins, Bureau of Plant In- 
dustry, U.S. Department of Agriculture, Brownwood, Tex. 
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ication and control, or at least facilitate 
attainment of the desired goal. Moreover, 
knowledge of a vector will provide an ad- 
ditional research tool whereby the rela- 
tionships of various stone-fruit viruses to 
one another and to other viruses may be 
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more thoroughly investigated. In the 
event that a vector or vectors are discov- 
ered, it is anticipated that further investi- 
gations will relate to the problems having 
a direct bearing on control and eradication 
activities.—3-16-40. 
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The Cotton Leaf Worm in the Western Hemisphere 


Louts Pyenson, State 

The initial spring infestations of the 
cotton leaf worm, Alabama argillacea 
Hbn.) are generally considered to origi- 
nate from moths migrating from southern 
regions perhaps thousands of miles away 


Institute of 
































Fic. 1.—Approximate dates of primary infestations 
of the cotton leaf worm, 1936-1937. A 
continuously - X—known to be present 


present 


tgriculture, Farmingdale, New } 

Walcott 1929). There is no evidence that 
this insect can undergo a diapause in any 
of its stages and thus survive unfavorable 
conditions in any area. Very little is known 
about the insect throughout South Amer- 
ica where it is one of the major pests of 
cotton, and where infestations in_ the 
United States are thought to originate. A 
knowledge of such movements may throw 
some light on the origin of the pest. 

This paper deals mainly with observa- 
tions on this insect made by the writer in 
Pernambuco, Brazil, in 1936 and 1937; 
and with other data kindly sent in by en- 
tomologists in South America in reply to a 
questionnaire. Tree cotton, both wild and 
cultivated, is very abundant in the inter- 
ior of South America and is the chief host 
plant of the cotton leaf worm. Harland 

1930) states that the cotton leaf worm 
can also breed On The 8 pe sia populnea, a 
tree abundant in the tropics of the new 
world. 

Tue Cotton Lear Worn In PeRNan- 
Buco:—The cotton leaf worm appears an- 
nually in Pernambuco in destructive 
numbers at the beginning of the rainy sea- 
son (Pyenson 1938 a and b). The initial 
infestations appear in the western part of 
the state a few weeks after the first rains 
fall and cotton foliage appears (Fig. 1). 
Cotton grown under irrigation near the 
coast of Pernambuco in the dry season 
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(August to February) is free from infesta- 
tion. The infestations appear to spread 
eastward and northward as the rainy sea- 
son advances. Harland (1930) reports that 
he was informed by Dr. O. Lamartine that 
in the state of Rio Grande do Norte the 
attack begins in the south and works to- 
wards the north. This state is just north 
of Pernambuco and Parahyba. 

Near the coast in 1936 larvae were pres- 
ent from the latter part of March until 
early August. Five broods were observed 
during this time. The insect takes some- 
what less than one month to undergo a 
complete life cycle. All attempts to find a 
stage in which the insect may undergo a 
diapause in the dry season failed. Usually 
only the first and second larval broods in 
any one area are present in numbers and 
cause appreciable damage. Early in May, 
1937, hundreds of moths were seen flying 
around the lights at the top of a 10 story 
hotel near the ocean. These probably 
originated in a heavily infested cotton 
field five miles inland. The later 
broods of larvae appear to be severely cur- 
tailed by predators and parasites (Pyen- 
son 1988 a and b). Numerous tachinid 
flies were reared from larvae in cages. In 
a few cases it was observed that cotton 
plants placed inside cages were stripped of 
foliage, while no larvae and but slight 
damage could be observed on plants out- 
side of the cages. The cage evidently pro- 
tected the larvae from parasites and 
predators. 

In Pernambuco and neighboring states 
initial outbreaks of the cotton leaf worm 
and their severity may be predicted by 
observations on outbreaks far in the in- 
terior on tree cotton. Since tree cotton is 
leafless during the dry season, outbreaks 
follow the advance of the rainy season. 

Tue Corron Lear Worm In OTHER 
Recions.Information on the cotton 
leaf worm in other sections of South Amer- 
ica Was kindly furnished by entomologists 
to whom a questionnaire was sent. The 
following are short summaries of the re- 
plies to the questionnaire (Fig. 1). 

KE. J. Hambleton, Sao Paulo, Brazil. 
The pest appeared in north-western Sao 
Paulo about the end of November or early 
December (1936) on cotton 24 to 3 months 
old. The cotton was stripped in some 
areas. The was not observed in 
some fields until the very end of the sea- 


some 


insect 
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son. There is no data to indicate that it 
overwinters here. Late maturing pupae 
did not overwinter in Minas Geraes. The 
pest evidently migrates in from the north 
as it is not present the year around. 

Carlos A. Lizer y Trellis, Argentina. 
The cotton leaf worm was first observed in 
northeastern Argentina in late December 
(1936). It was not observed in North- 
western Argentina until early February. 
There is a wide waste region between the 
eastern and the western part of the country. 
It is a pest throughout the growing season. 
No migrations were observed from the 
north. 

L. D. Cleare, British Guiana.—The cot- 
ton leaf worm is known to occur. Cotton is 
not grown as a commercial product. 

Albert S. Muller, Caracas, Venezuela. 
The cotton worm appeared during the 
first week in December of 1937 in the ex- 
tensive cotton planting around Lake Va- 
lencia, state of Aragua. The attack was 
not serious because plantings had been 
made early, and harvesting was already in 
progress in many fields. The dry period is 
from February to June; the rest of the 
year is considered rainy in that region. 

Louis Maria Murillo, Colombia.—Cot- 
ton is native to Colombia. The cotton leaf 
worm has been a pest to Colombian farm- 
ers ever since cotton was cultivated. It has 
always been present in all the regions. 

According to Harland (1936) severe at- 
tacks of the cotton leaf worm occur every 
year in Colombia. The cotton season comes 
to an end in February and March. The 
type of cotton grown in perennial. 

Dr. J. E. Wille, Peru.—The cotton leaf 
worm is found from Pacasmayo north- 
wards. In most cases the cotton worm ap- 
peared in the northern parts of Peru in 
April and May (1937). Cotton 3 to 4 
months old was attacked. In June and 
July older and younger fields were at- 
tacked. The cotton leaf worm is found 
throughout the year. The cotton season 
differs in different regions—Puira and 
Chira, January to October; Pacasmayo, 
March to December. No inward migration 
from any direction was observed. West 
coast of Northern Peru may be the origin 
of northern migrations. 

Wolcott (1929) from his observations 
in Peru, thought there was an annual in- 
ward migration of moths, since caterpil- 
lars disappear during the winter months. 
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S. C. Bruner, Cuba.—*‘‘So far as has 
been observed the cotton worm seems to 
be present in Cuba at all times of the 
year.” 

L. C. Fife, Puerto Rico.—*“This cotton 
pest has been present continuously in 
Puerto Rico during the past two years 
(1936 and 1937). The island has two cot- 
ton sections with seasons at opposite pe- 
riods of the year, so the pest is able to find 
suitable food supply at any time. There is 
considerable tree cotton with green leaves 
during most of the year. The pest often 
occurs in outbreak numbers. There is no 
doubt that this insect overwinters in this 
area.” 

According to Ballou (1929) no record 
was ever obtained of the cotton leaf worm 
living over from one season to another in 
the Windward Islands. Caterpillars were 
found at work in fields as late as Decem- 
ber and January. The cotton leaf worm in- 
vades these islands each year from South 
America. 

The first appearance of the larvae in the 
southern United States in 1937 was in 
Southern Texas on May 27. The insect 
was not reported from Florida until July 
6 (Loftin 1937). 

Entomology Department (Mr. France- 
lot), Ithaca, N. Y.—The first moths were 
caught in light traps at Ithaca, N. Y., on 
May 26, 1937. A few were caught in early 
June, and some in July and August. 
Moths arrived in abundance during late 
September and early October. 

Discussion.—The data presented is 
somewhat meager to permit the drawing 
of definite conclusions on the origin of the 
cotton worm; it indicates that careful ob- 
servations are necessary, throughout 
South America, before any can be drawn. 
Certain facts are evident from the data. 

The cotton leaf worm is capable of fly- 
ing great distances as indicated by its ap- 
pearance at Ithaca, N. Y.,in late May and 
early June. 

These moths evidently came from trop- 
ical regions and probably originated in the 
same regions as the moths causing the 
initial Texas infestation. The evidence in- 
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dicates that this insect perpetuates itself 
chiefly through its habit of migrating from 
place to place where food and favorable 
environment may be found. In some fay- 
orable environments where food is aviala- 
ble the year around the insects breed 
continuously and these regions may be 
centers from which migrational flights 
take place. There is no evidence to indi- 
cate that migrations from any regions are 
directional. It is possible that prevailing 
winds affect the direction of migrations, 
In the regions of South America migra- 
tions appear to follow closely the advent 
of the rainy seasons. 

The infestations in Argentina originate 
from moths migrating from Southern Bra- 
zil. It seems improbable that migrations 
into Argentina take place from Peru as the 
cotton leaf worm has never been reported 
in the cotton regions of southern Peru. 
The initial infestations in Sao Paulo prob- 
ably originated from the more northern 
interior Brazilian States where the grow- 
ing season or rainy periods start much 
earlier. Southern Brazil and northern Ar- 
gentina may serve as sources of northeast- 
ern Brazilian infestations. 

Infestations in Pernambuco appear to 
be sources of more northward progress of 
the insect. Colombia and Peru may be 
centers for northward and eastward mi- 
grations. The presence of vast areas of 
wild tree cotton throughout the interior 
of South America supplies ample food for 
these pests during the rainy seasons when 
foliage is available. The rainy seasons 
vary greatly in different regions of South 
America and therefore a continuous 
source of supply is always available to 
such migrating insects as the cotton leaf 
worm. 

Mexico and Central America are trou- 
bled by this pest but no information on its 
occurrence was obtained. It may be sig- 
nificant that the periods of heaviest infes- 
tations in the northeastern parts of Brazil 
and Peru (April, May, and June) coincide 
with the periods of initial infestations in 
the southern parts of the United States. 
5-10-40. 
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Species and Variety Differences in Resistance to Aphid 
Injury in Vetch!” 


H. R. Aterecut, 

Infestations of the pea aphid, /llinoia 
pisi Kalt., which have occurred frequently 
on the winter legume plots at Auburn, 
have brought to light striking varietal dif- 
ferences in the resistance of vetches to 


flabama Agricultural Experiment Station, Auburn, Alabama 


ance to aphid injury among the vetches. 
The entire area was uniformly infested 
and differences in degree of injury were be- 
coming apparent by January 15. Notes on 
the extent of injury and the severity of the 


Table 1.—Reaction of vetch species and varieties to pea aphis injury. 





Resistant! 


SUSCEPTIBLE* 


HIGHLY SUSCEPTIBLE® 


Vicia sativa I’. sativa IV”. sativa: 
16462 02830 (Alba vetch 13430 
29933 IS1S4 18141 
71116 ISSO5 20570 

Hairy vetch (I. rillosa $4949 (Willamette vetch 831084 

Smooth vetch (lV. rillosa rar Sel 8 $2195 


Woollypod vetch (V dasycar pa 
Wild vetch (1 


7 melano ps 


Hungarian vetch 
] monantha 


angustifolia 


i hybrida 
V. grandiflora 


Commercial Common A 


Commercial Common B 
Bitter vetch (VV. errillea) 


I pannonica 
Purple vetch (VV. atropurpurea) 





Injury confined to stem tips. Recovery rapid 
?Stem tips killed and stems severely damaged. Re t slow 
Practically all tissue killed. Recover ery slow. Some mortal 


aphid injury. Recovery from such attacks 
resulted if the infestations occurred during 
the warm periods of midwinter or early 
spring; but when they occurred in late 
May, which was more common, they 
served to hasten the maturity of the crop. 
Observations indicated that late 
infestations might have been responsible 
in a measure for reductions in seed yields. 
Low seed vields, along with the high cost 
of seed produced elsewhere, have been the 
principal obstacles to the progress of the 
winter legume program in Alabama. 
EVALUATION VetcH SPECIES AND 
Varieties. A severe aphid infestation in 
the winter legume breeding plots in Janu- 
ary 1937 provided the first opportunity 
for a study of varietal differences in resist- 


these 
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infestation were taken at that time. In al- 
most every case the resistant families were 
bordered by susceptible or highly suscept- 
ible lines and the discovery of some tip in- 
jury in every instance is proof that aphid 
visitations to resistant vetches must have 
been numerous. 

The aphids were not molested until 
January 20, when it was decided to spray 
the plants with nicotine sulfate so that 
certain highly susceptible lines could be 
saved. Notes were taken at intervals fol- 
lowing spraying to determine the rate of 
recovery of each species and variety from 
aphid injury. These data were taken into 
consideration in the evaluation of the var- 
ious vetches. 

The injury to lines designated as resist- 
ant (Table 1) was confined entirely to the 
stem tips and had been overcome by Feb- 
ruary 5. 
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The vetches designated as susceptible 
were severely attacked and injured by the 
aphids. All stem tips were killed and the 
stems themselves were either badly dam- 
aged or destroyed. These lines recovered 
more slowly, but no signs of injury were 
apparent on February 29. As far as could 
be determined, none of the plants was in- 
ured beyond recovery as a result of the 
aphid attack. 

The vetches listed as highly susceptible 
still showed signs of injury on March 3. 
Recovery here was slow and the new 
growth was stunted since practically all 
the older foliage had been destroyed by 
the aphids. Some mortality resulted in 
these lines, but except in the case of purple 
vetch, Vicia atropurpurea Desf., which 
was completely destroyed, the losses were 
slight. 

The infestations of 1938 and 1939 were 
not as severe as that of 1937, but the 
vetches showed the same relative suscepti- 
bility to aphid injury. The infestations of 
1938 and 1939 did not occur until after 
mid-May when the plants had attained 
their maximum size. The strains consid- 
ered resistant showed no injury as a result 
of aphid attack; those designated as sus- 
ceptible or highly susceptible were injured 
in the main only at the stem tips; purple 
vetch was again completely killed. The 
susceptible vetches seemed to mature 
more rapidly than the resistant. It is in- 
teresting to note that in 1939, of 4 lines of 
Vicia satira No. 34947 planted in the 
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breeding plots, 1 was severely injured by 
aphids, 2 were slightly injured, and 1 was 
not harmed. Of 40 hairy vetches, lV’. villosa 
Roth, included in a progeny test, 10 were 
injured by aphids. 

While the tests of 1937 provided more 
satisfactory data on the degree of damage 
to foliage among the vetches, they gave no 
indication of the relation of aphid injury 
to seed production because the plants were 
not in flower at that early date (Janu- 
ary). In 1938 and 1939 it was noted that 
the aphids readily attacked the inflores- 
cences and green pods of even the resistant 
vetches. Experiments with caged resistant 
and susceptible plants did no more than 
substantiate the field observations. Com- 
parisons of seed production of plants 
caged with aphids and caged to protect 
them from the insects were not possible 
hecause the environment within the cages 
did not favor seed setting. 

Summary.-—-Vetch species and varieties 
within a species grown at Auburn, Ala- 
bama, differed considerably in the reac- 
tion of their foliage to injury resulting 
from attack by the pea aphid. An evalua- 
tion of the vetches under observation is 
given. 

Field observations and tests with caged 
plants showed that the inflorescenses and 
green pods of both the resistant and the 
susceptible vetches could be severely dam- 
aged by aphids. It iS probable that this in- 
jury limited the seed production of the 
vetches studied. 9-20-40. 
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Serious damage to tobacco is caused 
fre quently by the feeding of adults of the 
tobacco flea beetle (FE pitrixr parrula (F.)) 
on the leaves, stems, and roots of the 
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plants. Complete destruction of tobacco 
in plant beds may be caused by such feed- 
ing when the plants are very small. In ad- 
dition to the direct damage caused by the 
feeding of the flea beetles on the small 
plants in the plant bed, it has been shown 
by Levin (1940) that the tobacco plant 
bed is the most important breeding 
ground of this beetle during the early part 
of the season. 


Since Angell et al. (1935), McLean et al, 
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(1937), Clayton (1938), Lunn & Mattison 
(1938), Clayton et al. (1939), and others 
had reported the application of benzene 
and paradic ‘hlorobenzene as control meas- 
ures for downy mile le ‘WwW, P eronos pora taba- 
cina Adam, in tobacco plant beds, prelim- 
inary studies were begun by the authors 
and their associates in 1938 to deter- 
mine the toxicity of these chemicals to 
the tobacco fiea beetle in plant beds that 
were being treated esperimentally for blue 
mold. Considerable interest was manifest 
in these studies by the 
and by workers in other phases of research 
relating to tobacco. The work was con- 
tinued and extended during the plant-bed 
season of 1939 because the period for such 
studies was of short duration in 1938. 

Tests IN 1938.—Experiments at Ox- 
ford, N. C., in 1938, consisted in exposing 
beetles in plant beds covering 10 or 20 
square yards that were being treated daily 
with benzene and paradichlorobenzene. 
Volatilization of benzene in the plant beds 
was affected through a wick system (Gu- 
maer, 1938), while that of the paradi- 
chlorobenzene was obtained by strewing 
the finely pulverized crystals on boards sus- 
pended in the center of the bed. The va- 
pors were held in the plant beds by heavy 
sheeting having a thread count of approxi- 
mately 68 by 72 strands per square inch. 
Test gauze-covered 
spools or cylindrical cups with the open 
end coveres with gauze. Usually five cages 
were placed at random on the soil among 
the small plants in a bed section receiving 
each treatment. Ten beetles to a cage were 
exposed to the vapor treatments which 
were made from 5 p.m. or 10 p.m. to 8 ALM. 
on two consecutive nights. In the daytime 
the covers of the plant beds were removed 
to give the young plants the ventilation 
necessary for growth. In two series of tests 
the final records of beetle mortality were 
made 24 hours after the second night's ex- 
posure and in another series they were 
made immediately following the 
night of exposure. 

Table 1 shows the average percentages 
of mortality obtained in three 
tests from beetles subjected to treatments 
with benzene and paradichlorobenzene in 
plant beds. While the percentages of mor- 
tality from the same application rate 
varied materially for the three tests, the 
mortality observed among beeltes caged 


tobacco growers 


cages consisted of 


second 


series of 
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in a plant bed receiving no treatment 
strongly indicated that neither benzene 
nor paradichlorobenzene was toxic to the 
beetle under the conditions of the experi- 
ment. 

Three kinds of tests with paradichloro- 
benzene were conducted on large plants 
during the latter part of the plant-bed 


Table 1.—Average percentages of dead adults 
of the tobacco flea beetle at stated intervals in 
tobacco plant beds treated ~ | with benzene or 
paradichlorobenzene, Oxford, N. C., April, 1938. 





lest No. 1 Test No. 2 Test No. $ 
Beetles Beetles Bee tles 
PREATMENT - - -— 
AND Rate Per Cent Per Cent Per Cent 
or Appu Dead at Dead at Dead at 
CATION No 72 hrs No 48 hrs. No 72 hrs. 
Untreated 120 37.5 
Parad hloro 
benzene 50 28.0 40 35.0 
0.2 oz per 
sq. yd 
Benzene 
SO ex per 
sq yd 
Bed No. 1* 30 43.3 40 15.0 50 20.0 
Bed No. 4* 50 60.0 50 22.0 40 20.0 
Bed No. 2t 40 55.0 50 6.0 40 35.0 
Bed No. 3t 50 42.0 50 16.0 50 18.0 





and 8 a.m 
and 8 a.m. 


* Vaporized between 5 p.m 
t Vaporized between 10 p.m. 


season at Florence, S$. C., but positive in- 
formation was obtained in only one of 
these tests. In this particular test, exam- 
ined 10 days after treatment, it was found 
that paradichlorobenzene applied in areas 
18 inches wide and 23 inches long at the 
rate of 3 ounces per square yard was very 
toxic to the beetle when the plant bed was 
tightly sealed with a cover containing 64 
by 64 threads per square inch. 

Tests 1n 1939.—The tests in 1939 were 
conducted in plant beds designed for joint 
use in toxicity studies relating to the to- 
bacco flea beetle and blue mold. This ar- 
rangement was thought to be well suited 
for the experiments because it provided 
for replication of the treatments within 
and between the beds. Replications, for 
the most part, were in plant-bed compart- 
ments covering 6 square yards whether 
the beds were 2 or 3 yards wide. The ar- 
rangement of the plant beds and the rela- 
tionship of the different treatments are il- 
lustrated in figure 1. 

The bed covers that were used in the 
experiments with the tobacco flea beetle 
consisted of cloth having thread counts 
ranging from 16 by 20 to 68 by 72 strands 
per square inch. Daily applications of the 
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paradichlorobenzene were made, and in 
most instances the crystals were spread on 
boards around the edges of the bed com- 
partments (Fig. 2) while the application of 
benzene was by means of several wick sys- 
tems. 

The treatments were applied late in the 
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examination was made to recover living 
and dead beetles. Although it was difficult 
to count the flea beetles in beds before 
some of the plants were removed for trans- 
planting, the data from these tests indi- 
cated that paradichlorobenzene applied 


daily at rates of {, 5, 1, and 2 ounces per 
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The arrangement of tobacco plant beds and relationship of treatments used for their 


toxicity to blue mold, Ps ronospora tabacina, and the tobacco flea beetle, / pitria parrula, at 
the Pee Dee Experiment Station in 1989. The daily application rates of paradichlorobenzene 
in ounces per square yard and the thread counts of plant-bed covers used are shown 


afternoon. The covers were immediately 
spread over the bed, fastened in place, and 
allowed to remain until about 8 a.m., the 
succeeding day, when most of them were 
removed, 

First Series.— Beetles for the first se- 
ries of tests were collected on nearby 
farms, and 100 were placed in each of 28 
compartments. After each compartment 
had been treated for 10 days, a thorough 


square yard was not toxic to and appar- 
ently had little, if any, repeilent action on 
the beetle where ordinary plant-bed cover 
was used. Where covers having a range of 
from 38 by 38 to 64 by 64 threads per 
square inch were used, a few beetles were 
killed, some were stupefied, thus reducing 
the length of time that some of them could 
feed, and the material had some repellent 
action, owing probably to slower dissipa- 
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tion through the cover resulting in higher 
concentrations of the vapor. Similar re- 
sults were observed in 100 square yards of 
bed having a cover containing 68 by 72 
strands per square inch where the rate of 
application of paradichlorobenzene was 1 
ounce per 3 square yards. 

The results obtained from similar but 
less extensive tests with benzene indicated 
that this material was even less toxic to 
the beetle than paradichlorobenzene. 

SeconD Series.—-While the early tests 
indicated some toxicity, a need for more 
accurate tests with the heavier plant-bed 
covers was evident, and for this reason a 
second series of tests was run with small, 
loosely woven cloth bags into each of 
which 50 beetles with a green tobacco 
plant for food were placed. These bags 
were placed in different beds and in differ- 
ent areas of the same bed for a comparison 
of the toxicity of various rates of para- 
dichlorobenzene when applied under plant 
bed covers containing 38 by 38, 48 by 48, 
64 by 64, and 68 by 72 threads per square 
inch. The number of dead beetles was de- 
termined each morning for 3 consecutive 
days after treatment began. 

The results of these tests are presented 
in table 2. Although the number of beetles 
killed was low, others were frequently ob- 


Tuirp Serres.—The first two series of 
tests were conducted primarily to deter- 
mine the toxicity of these chemicals to the 





Fic. 2.—Six-square-yard area of a plant bed used 
for testing the toxicity of insecticides to the tobacco 
flea beetle. A, border board of plant bed; B, board 
upon which paradichlorobenzene crystals were 
placed, when used; and (, plant collar used as an 
aid to counting beetles. Florence, S. C., 1939. 


beetle. Aside from their toxicity, and prob- 
ably of greater importance, is the possible 
protection from beetle injury afforded the 
plants by their application. The procedure 
used in the tests did not necessarily give a 
measure of the plant protection obtained 
because the insects were confined in small 
bed units or in cloth bags at specific 


Table 2.—Results of cloth-bag tests in plant beds with plant-bed covers of different mesh showing 
the number of beetles treated and the average percentages of dead found 72 hours after treatment, 


Florence, S. C., 1939. 





PHREADS PER SQuARE INcH oF PLANT-BED Cover 


38 by 38 $8 by 48 64 by 64 68 by 72 
Ouns ES OF Beetles Beetles Beetles Beetles 
PARADICHLORO- 
> > Do . , ° , ‘os i - 
BENZENE PER No Per Cent Xo Per Cent No. Per Cent No. Per Cent 
Seuare YARD Dead Dead Dead Dead 
0 (Untreated 50 2 00 
5 50 2.00 
, 100 2? of OO 5.67 100 5.00 
, 50 0.00 
, 150 2.67 00 §. 33 
; 50 6.00 
l 100 7.00 00 >. 338 
2 150 0.00 





served to be inactive in the bags when 
they were removed from the bed. These 
stupefied beetles soon recovered when eCX- 
posed to outside conditions. A similar but 
less extensive test showed that benzene 
had little, if any, toxicity for the beetle. 


points within the beds. A third series of 
experiments was therefore conducted on 
large plants in more open plant beds in a 
manner that made possible a more definite 
measure of insect toxicity and plant pro- 
tection. 
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Plant collars (Fig. 2, C) were placed 
about the base of five thrifty plants in 
each test area to aid in counting the bee- 
tles. An untreated area, comparable to the 
treated areas, was used as a check in all 
tests. One hundred beetles were placed on 
each plant in all test areas when the ex- 
periment was begun, and the effectiveness 


Table 3.—The results of three experiments in 
tobacco plant beds where plant collars were used 
about the base of the sample plants for testing 
the toxicity of materials to the adult tobacco flea 
beetle, Florence, S. C., 1939. 





MATERIALS Repve 
ESTED TION IN 
AMOUNT PER Pirants Beerces Days Living Dean 


Sq. YARD Usep Usep TesteoBeerces Beerces 

First experiment 
Check (untreated 5 500 ‘ 60.2 1.4 
i} oz. PDB 5 500 ‘ 48.8 2 

oz. PDB 5 500 ‘ 22.8 ;.6 
loz. PDB 5 500 4 1.4 4.6 
Second experiment 
Check (untreated 5 500 ; 57 2 6 
4 oz. PDB 5 500 ; 18 6 5.4 
loz. PDB 5 500 ; 47.2 5.6 
80°, eryolite 

dusted 5 500 ; S78 55 8 
Phird experiment 
Check (untreated 10 1.600 ; 7 6 6 6 
SO cryolite 

dusted 10 " ; 91.0 25.8 
l cubé (dusted luv 1.000 89.2 2.2 





of each treatment was determined by 
counting the living and dead beetles on 
each plant and its respective plant collar 
each morning. After each count the dead 
beetles were discarded and the living bee- 
tles were again released on their respective 
plants. The results of the three sets of es- 


Number of beetles used 
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dichlorobenzene killed very few beetles, 
but some of the beetles were stupefied, 
which accounts for fewer of them leaving 
the treated than the untreated plants. The 
eryolite dust mixture was not only toxie 
but repellent to the beeltes. 

A third experiment was designed pri- 
marily to compare the toxicity to the bee- 
tle and the protective value to the plant 
of a cubé dust mixture containing 1 per 
cent of rotenone with that of a cryolite 
dust mixture containing 80 per cent of 
sodium fluoaluminate. The test areas were 
selected at random and replicated in such 
a way that all areas were surrounded by 
tobacco plants in beds on at least three 
sides. One hundred living beetles were 
placed on each plant when the experiment 
was started and no plant-bed cover was 
used at any time. The dust mixture con- 
taining rotenone, considered primarily as 
a contact insecticide for flea beetles, was 
applied to each plant after the beetles had 
been released, whereas the cryolite, essen- 
tially a stomach poison, was applied to 
each plant before the beetles were re- 
leased. The insecticides were applied to 
both sides of the leaves of all treated 
plants at a rate of approximately 10 
pounds per 5,000 plants (an acre’s plant- 
ing). By reference to table 3 it may be 
noted that the dust mixtures containing 
cryolite or rotenone were superior to the 
paradichlorobenzene in the percentage 
killed. The data in colums 5 and 6 of table 
3 were computed by the following formu- 
las: 


Number of living beetles after treatment 


«x 100 


Number of beetles used 
Percentage of reduction in number of living beetles, 


Number of dead beetles after treatment 


Number of beetles used 


periments that were carried out with cubé, 
cryolite, and paradichlorobenzene are pre- 
sented in table 3. 

In the first experiment several dosages 
of paradichlorobenzene were compared; in 
the second a cryolite dust mixture con- 
taining 80 per cent of sodium fluoaluminate 
was substituted for one of the paradichlo- 
robenzene dosages. In both experiments 
a plant-bed cover containing 38 by 38 
strands per square inch was drawn over 
the test areas at night and removed each 
morning. These tests showed that para- 


< 100 = Percentage of dead beetles. 


Observations during the experiment 
showed that there was a marked variation 
in the amount of feeding by the beetles on 
the plants that received different treat- 
ments. Photographs of typical plants were 
made 6 days after treatment (Fig. 3) to 
show these differences. The feeding injury 
to untreated plants is illustrated in Fig. 
3, A; that to plants treated with a dust 
mixture containing 1 per cent of rotenone 
in Fig. 3, B; and that to plants treated 
with the eryolite dust mixture containing 
80 per cent of sodium fluoaluminate in 





— 
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Fig. 3, C. It will be noted that the dust 
mixtures containing rotenone or cryolite 
gave good plant protection, but the cryo- 
lite gave the best protection over a period 
of 6 days. Attention is called to the fact 
that the figures given in table 3 are the 
records for the third day after treatment, 
whereas the photographs were taken 3 
davs later. 

SuMMARY AND ConcLusions.—Prelim- 
inary studies conducted during 1938 
showed that concentrations of benzene 
vapor considered adequate for effective 
control of blue mold were not toxic to the 
tobacco flea beetle, Epitrix parvula (F.). 
In similar experiments paradichloroben- 
zene was variable in its toxicity to the 
heetle. Because of the interest in beetle 
control the toxicity of these and other 
materials was more intensively studied 
during 1939. 

The experiments with paradichloroben- 
zene applied daily at rates of 0.25, 0.5, 1, 
and 2 ounces per square yard of plant bed 
showed that it was not toxic and appar- 
ently had little, if any, repellency to the 
beetle, where ordinary plant-bed cover 
was used. Where covers hvaing 38 by 38 
to 64 by 64 threads per square inch were 
used, probably resulting in greater con- 
centrations of the vapor, a few beetles 
were killed, some were made sluggish but 
continued to feed to some extent on the 
plants, and the material had some repel- 
lent action. From the tests conducted, in 
which paradichlorobenzene was applied at 
rates and by methods known to control 
blue mold, this material cannot be consid- 
ered as a satisfactory control for flea beet- 
les in plant beds. 

Similar tests revealed that benzene ex- 
hibited little, if any, toxicity to the beetle. 

In the event that the application of ben 
zene or paradichlorobenzene for the con- 
trol of blue mold had given good plant 
protection from beetle injury, these treat- 
ments still would be of relatively little 
importance in controlling the beetle 
throughout the plant-bed season as a 
whole because there is only a relatively 
short period, usually after the plants are of 
good size, when it would be necessary to 
make applications for the control of blue 
mold. The most important period for con- 
trolling the beetle in plant beds is when 
the plants are very small, and when blue 
mold is not likely to be active. Further, 
the cost of applying either of these mate- 





Fic. 3.—Photographs showing the variation in 
severity of feeding injury by the tobacco flea beetle 
to tobacco plants 6 days after the plants had re- 
ceived different insecticidal treatments: A, a plant 
that had received no treatment; B, one that had 
been treated with a dust mixture containing 1 per 
cent of rotenone; and C, one that had been treated 
with a cryolite dust mixture containing 80 per cent 
of sodium fluoaluminate. Florence, S. C., 1939. 


rials throughout the plant-bed season 
would exceed that of insecticides that will 
give control. 

Some late-season tests on individual 
plants indicated that although a cubé root 
dust mixture containing 1 per cent of 
rotenone gave good control, a cryolite dust 
mixture containing 80 per cent of sodium 
fluoaluminate gave better plant  protec- 
tion over a period of 6 days.—6-6-40. 
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\ Progress Report on the Use of Rotenone Dusts for the 
Control of the Pickleworm and the Melonworm in Alabama 





F.S. Anant, Alabama Agricultural Ex pe riment Station, Auburn 


Although the pickleworm, Diaphania niti- 
dalis (Stoll), and the melonworm, D. hya- 
linata (L.), have been important pests of 
cucurbits in Alabama and other southern 
states for many years, no entirely satisfac- 
tory control methods have been devel- 
oped. Numerous references to these in- 
sects occur in the literature of American 
economic entomology between 1860 and 
1900 (Henshaw & Banks, 1889-1901). 
Smith (1911) recommended early plant- 
ing, trap crops, and other farm practices 
for the control of the pickleworm and trap 
crops and lead arsenate sprays for the 
melonworm. Guyton* found that caleium 
arsenate dusts were effective against both 
insects, but burned cantaloupe foliage se- 
verely. White (1937) recommended der- 
ris-sulphur mixtures containing 0.5 to 1.5 
per cent rotenone for use on squash. A 
commercial insecticide company in 1938 
recommended 0.75 per cent rotenone 
dusts, containing 25 per cent sulphur, for 
use on various cucurbits. 

Field experiments were initiated at Au- 
burn in the summer of 1938 to determine 
the relative value of various rotenone 
mixtures in the control of the melonworm 
and pickleworm. All undiluted rotenone- 
bearing materials used in these experi- 
ments were commercial products guaran- 
teed to contian 4 per cent rotenone. Be- 
cause of great variations in the sizeof plots 
used in different experiments, all yields 


* Unpublished data of the Alabama Agricultural Experiment 


Station, 


were expressed as the average number of 
fruits per 10 hills. 

EXPERIMENTS WITH CANTALOUPES AND 
Squasu, 1938.—-In two preliminary ex- 
periments conducted in 1938, one per cent 
rotenone dusts of derris and tale (1 to 3) 
and of derris, tale, and Stimtoxr D' (1-15 
1.5) were applied to cantaloupes and 
squash in separate areas. The pickleworm 


Table 1.—Results of preliminary dusting ex- 
periments on the control of the pickleworm and 
melonworm, 1938. 





CANTALOUPES SQUASH 
Av. No. Per Per Av. No. Per Per 
Melons Cent Cent Fruits Cent Cent 
P 


er 10 In Cor Per 10 In Con- 
[Nee TIcIDE Hills fested 1 r 


Derris-Tak 
Stimtor D 6.7 17.9 Le | 6 oo 100.0 
1-1.5-1.5 
Derris- Tale 
1-3 26.7 6.2 93.1 16 6.2 SN 


None 
checks 16.7 00 il 54.5 





was more numerous than the melonworm 
on these plots. The applications were 
made with a hand dust gun at weekly in- 
tervals from the time the first blooms ap- 
peared until the fruits were mature. 

In the experiment with cantaloupes, 
nine applications of each insecticidal dust 
were made on each of 6 interspersed hills 
of the melons; a third group of 6 inter- 

A commercial diluent containing pyrethrins 


Caleulated from an estimated number of hills based on the 
length of the rows 





Pp 
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spersed hills served as a check. The first, 
second, third, and seventh dustings were 
affected by rainfall within 24 hours. The 
results of this experiment are presented in 
table 1. The data indicate that both derris 
mixtures were effective in controlling the 
pickleworm and melonworm in canta- 
loupes; only 6 to 18 per cent of the melons 
were infested on the dusted plants as com- 
pared with 90 per cent on the checks. . 

In the experiment with squash, 5 appli- 
cations of each dust were made on their 
respective plots and rainfall within 24 
hours after dusting was not a factor. Only 
6.2 per cent of the fruits were infested on 
the plot dusted with derris and tale, as 
compared with an average of 54.5 per cent 
on the checks (Table 1). None of the fruits 
was infested on the plants dusted with 
the derris-tale-Stimtoxr D mixture. 

First ExpertmMeNT with’ CAanta- 
Loupes, 1939.--In the first experiment 
with cantaloupes in 1939, the experiment- 
al area was divided into 64 plots, each 10 
by 10 feet. Four hills of cantaloupes were 
planted on each plot and a three-foot al- 
leyway was left between plots. Two tiers 
of 16 plots each were planted to canta- 
loupes of the Hasting Imperial variety. 
The remaining 2 tiers, 32 plots, were 
planted to honeydew melons. Rotenone 
dusts were applied by blowing them from 
a hand dust gun into a cloth-covered 
frame placed over the plot (Fig. 1). Each 
dust was allowed to settle for 3 to 4 min- 
utes in order to prevent drifting to ad- 
jacent plots when the frame was moved. 
This method of application permitted 
dusting even when air currents were fairly 
strong, but it did not give complete cover- 
age of the lower surfaces of leaves and 
fruits, particularly when the foliage was 
dense. This was the only experiment in 
which this method of applying dust was 
used. 

All dusts applied to cantaloupes in this 
experiment consisted of a commercial der- 
ris powder, containing 4 per cent rote 
none, mixed with other ingredients as fol- 
lows: derris and tale, 1 to 7; derris and tale 
1 to 3; and derris, sulphur, and_ tale, 
1-1-2. Each mixture was applied in repli- 
cate to eight plots of Imperial cantaloupes 
and to 8 plots of honeydew melons. There 
were also 8 checks of each variety. Dusts 
were applied at the rate of approximately 
20 to 30 pounds per acre per application. 


The first dust was applied just as the 
plants began to bloom and 8 additional 
applications were made at intervals of 5 to 
8 days. There was no heavy rainfall within 
24 hours after any application. 

Most of the damage to cantaloupes was 
caused by the pickleworm, although an 





Fic. 1.—Applying derris dust under the covered 
frame used in the first experiment with cantaloupes 
in 1939. 


occasional specimen of the melonworm 
was Observed. An average of 92.6 per cent 
of all melons produced on the undusted 
plants was infested (Table 2). The average 
infestation on the dusted plots varied 
from approximately 10 to 40 per cent. The 
lowest percentage of infestation occurred 
in melons which received rotenone dusts 
containing 25 per cent sulphur, but the 
number of fruits produced was exceeding- 
ly low. An average of only 2.2 edible fruits 
per 10 hills was matured on cantaloupes 
receiving sulphur dust as compared with 
3.1 on the checks and approximately 31 
edible fruits per 10 hills on plants treated 
with derris-tale dusts (Table 2). The lat- 
ter mixtures caused no burning of foliage 


Table 2.—Pickleworm and melonworm control 
from eight replicated treatments of rotenone 
dusts on cantaloupes. First experiment, 1939. 





Per Per 
CEN Cent Av. No Per 
Av. No OF Controut Episte Cent 
M eELons MELONS OF MELONS OF 
Per 10 In In Per 10 MeELons 
INsecTictpEt His restep sects Hiss Epiere 
Derris-Tale (1-3 19.4 15.9 82.9 31.9 80.9 
Derris-Tale (1-7 $5.0 10.3 56.5 31.3 69.5 
Derris-Sulphur 
Pale (1-1-2 5.9 10.6 2.2 37.3 
None (checks 38.1 92.6 3.1 8.1 





A considerable number of these melons (4.7 per 10 hills), 
though edible, were infested and damaged slightly, whereas very 
few edible fruits were infested on the plants receiving 1 per cent 
rotenone dusts. On the checks, most of the melons were heavily 
infested and thereby destroyed before reaching the edible stage. 
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(Fig. 2). The most satisfactory control 
was obtained from the use of derris diluted 
1 to 3 with tale. All applications contain- 
ing sulphur caused severe burning of foli- 
age (Fig. 3); the few edible melons which 
reached maturity on the sulphur plots 
were small, distorted, and of poor quality. 





Cantaloupe plants which have received 


Fic. 2 
several applications of a mixture of derris and tale 


1 to 3). There was no injury to the foliage 


The results of the experiment on hon- 
eydew melons were uninterpretable be- 
cause of poor stand, failure of the fruit to 
ripen, and mechanical injury to the fruit 
caused by inspection for infestation. It 
should be pointed out, however, that the 
sulphur dusts caused only moderate burn- 
ing of the foliage of this plant. 

SeconD EXPERIMENT WITH CANTA- 
LouPEs, 1939.—An experiment was con- 
ducted on cantaloupes planted about 
July 1, 1939 in order to determine the ef- 
fectiveness of 1 per cent rotenone dusts in 
controlling the pickleworm and melon- 
worm in a late crop. The experimental 
area was divided into eight plots, each ap- 
proximately 30X34 feet. Plots 2 and 6 
were dusted with a derris mixture, 3 and 
7 with timbo, 4 and 8 with cubé, and plots 
1 and 5 were not dusted. Since mildews 
had appeared on the cantaloupe foliage in 
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previous experiments, a copper compound 
Cuprocide, was incorporated into all in- 
secticidal mixtures used in this experi- 
ment. One per cent rotenone dusts were 
prepared by mixing the materials in a 
ball mill in the following proportions: 4 
per cent rotenone powder (derris, timbo, 
or cubé), 25 parts by weight; tale, 64 
parts; flour, 5 parts; Cuprocide, 6 parts. 
Five applications of dust were made with 
a hand dust gun under field conditions at 
intervals of 6 to 11 days. Only two dust- 
ings were affected by rainfall within 30 
hours after they were applied. The rate of 
application varied from approximately 14 





Cantaloupe plants which have received 


Fic. 3 

several applications of a mixture of derris, sulphur, 

1-1-2). Note the withered leaves and bare 
stems 


and tale 


pounds per acre per application when the 
plants were small to 22 pounds when the 
plants became large and the foliage dense. 

In this experiment damage to the fruit 
was caused almost exclusively by the mel- 
onworm. Approximately 54 per cent of the 
melons on the check plots were infested as 
compared with no infested melons on the 
dusted areas (Table 3). In addition to at- 
tacking the fruits, the melonworm also 
fed upon the leaves of the cantaloupes. 
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The plants on the check plots were de- 
foliated’ to such an extent that an average 
of only 3 fruits was produced on 10 hills; 
on the dusted plots the number of fruits 
varied from 17.1 to 20.5 on 10 hills. There 
was no burning of foliage on any plot. A 
heavy frost killed the plants before the 
melons were fully ripe. 

EXPERIMENT WITH SQUASH, 1939—F ive 
plots of squash, each containing an aver- 
age of approximately 28 hills, were used in 
this experiment. One per cent rotenone 
dusts consisting of flour mixed with derris, 
timbo, and cubé, respectively, were ap- 
plied to their separate plots. Five dustings 
were made at intervals of 7 to 11 days. All 
three materials gave satisfactory control, 

Table 3.—Control of the melonworm and 


pickleworm in cantaloupes with 1 per cent ro- 
tenone dusts. Second experiment, 1939. 





FRUITS 
PRopUCED 


Ay Per 
No No CENT 
oF Tota! Per 10 IN- 
INSECTICIDI Hints No Hills FresTep 
Derris-Tale-Flour- 
Cuproc le (25-64-5-6 +1 84 20.5 | 0.00 
Timbo-Tale-Flour 
Cuprocide (25-64-5-6 37 76 20.0 0.00 
Cub Tale Flour 
Cuproei le (25-64-5-6 $5 60 17.1 0.00 
None (checks $7 ll $.0 54.5 





but cubé appeared to be slightly inferior to 
the other two (Table 4). An average of 
48.5 per cent of the squash was infested on 
the check plots and some defoliation oc- 
curred. The damage was caused _ princi- 


‘Cucumber beet] cularly Diabhroti halteata Lec., 


es, part 
were responsible for some of tl foliage 


¢ damage to the 
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pally by the melonworm, as very few pick- 
leworm larvae were present. 
SumMMARY.—Derris-tale dusts contain- 
ing 1 per cent rotenone were effective in 
controlling the pickleworm and melon- 
worm on small field plots; the control in 


Table 4.—Control of the melonworm and 
pickleworm in squash with 1 per cent rotenone 
dusts, 1939. 





FRUITS 
Propucep® 


Av. | Per | Per 

| No. | Cent | Cent 

Total | Per 10) In- Con- 

INSECTICIDE No. | Hills |restep) TROL 

Derris-Flour (1-3) 110 | 39.3 3.6 | 92.5 

Timbo-Flour (1-3 66 | 41.3 6.1 | 87.4 

Cubé-Flour (1-8 73 | 30.4 9.6 | 80.2 
None (checks 165 23.9 48.5 





cantaloupes varied from 83 to 100 per cent 
and in squash from 89 to 100 per cent. A 
derris dust containing 25 per cent sulphur 
was effective against the insects, but 
caused such severe burning to cantaloupe 
foliage that an average of only 2.2 ripe 
edible fruits per 10 hills was produced as 
compared with 3.1 on the checks and ap- 
proximately 31 edible melons per 10 hills 
on plants dusted with derris and tale. Der- 
ris mixtures containing 0.5 per cent rote- 
none were less effective than dusts con- 
taining 1 per cent rotenone. Cubé ap- 
peared to be inferior to timbo and derris. 
Heavy applications of dusts were made, 
approximately 15 to 30 pounds per acre, 
and no attempt was made to determine 
the minimum effective rate of application. 
6-6-40. 


§ Only fruits of edible size were counted. 
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Curculionidae, Bruchidae, Lepidoptera, and Their Parasites, 
Infesting the Seed Pods of Cowpea and Various Wild Plants* 


; 


Turopore L. Bisst LL, Georgia Ex pe riment Station, Ex pe riment, Georgia 


In 1938 the writer published a report on 
the host plants of a number of Curculioni- 
dae and Bruchidae that had been discov- 
ered in the course of work on the cowpea 
curculio. Several additional records made 
in the two seasons following are reported 
here. Short descriptive notes of the insects 





Fic. 1 
Rhynchosia f 


and plants are added to aid in quick recog- 
nition of the species. 

All collections were made in Spalding 
County, Georgia, unless stated otherwise. 
Determinations of have been 
checked by specialists in the Division of 
Insect Identification, U. S. Bureau of 
Entomology and Plant Quarantine and 
the plants were identified by Dr. W. A. 
Jenkins, Georgia Experiment Station. 


insects 


Chalcodermus aeneus Boh.—In_ 1939 
various species of wild legumes were 
planted in uniform plots to observe 


growth and insect infestation. These in- 
cluded Strophostyles umbellata (Muhl.) 
Britton, a species that grows wild in cen- 
tral Georgia, and S. helvola (L.) EL, a 
coarser species, which is said by Small 
* Paper No. 71 
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Leaf, pod, and seed specimens of leguminous hosts of Chaleodermus inaequico 
recta, Bradburya rirginiana, Le ptoglottis Nuttallii, and Galactia 


(1933) to inhabit river banks. The seed of 
S. helvola was received from the Soil Con- 
servation Service, Americus, Georgia, 
which organization is testing the plant as 
a cover crop. Although the cowpea cur- 
culio infested the pods of both species, it 
was four times as numerous in S. umbel- 





Horn. Left to right 


lata, which has already been reported as a 
host. Pods of S. umbellata usually con- 
tained one larva of (. aeneus; rarely there 
were two. The pods contained 4 to 11 
seeds. The number of seeds consumed by 
an individual grub was variable but about 
5 or 6 are necessary for full development. 
The height of infestation of Strophostyles 
pods occurred about the first of October in 
both 1938 and 1939. 

( halcodermus inaequicollis Horn Was 
bred from the pods of Rhynchosia (Doli- 
cholus) erecta (Walt.) DC. and from Lep- 
toglottis (Schrankia) Nuttallii DC. Four 
leguminous host plants, two of which were 
reported in 1938, are now known for this 
weevil. Photographs of the host plants are 
shown in figure 1. It will be noted that the 
pods of the four differ noticeably in size 
and structure, but the seeds are similar in 
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size. Rhynchosia erecta is an upright 
shrubby plant; Bradburya and Galactia 
climb on others for support; while Lepto- 
glottis, a thorny plant with sensitive leaf- 
lets, trails along the ground. 

Blatchley and Leng (1916) reported 
taking this weevil from the leaf axils of a 
thistle, Carduus spinosissimus Walt., in 
Florida, but did not give a breeding host. 

Time of infestation of the various hosts 
depends, of course, on the fruiting period. 
Grubs developed in pods of Leptoglottis 
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after the latter have left the plant pod and 
entered the soil. 

The remaining parasites kill the host 
larvae in the pods and emerge thereform. 
Species in the table marked “X” have 
been definitely found to be parasites of 
Chalcodermus, either by rearing from lar- 
vae caged in soil or by dissection from in- 
fested seed. Eupelmus cyaniceps variety 
amicus Gir. was found in one case as a 
secondary parasite of another species of 
Hymenoptera in cowpeas. Judging by 


Table 1.—Parasites of Chalcodermus larvae in leguminous plants in Georgia. 





PARASITI 


Host anpb Its Host PLAN1 





( Host C’. inaequi- Host if Host 
aeneus plant collis plant collaris plant 
Myiophasia globosa Ths X Cowpea X Leptoglottis X Chamaecrista 
X Stringbean robusta and 
( . procumbens 
Triaspis cur ulionis var. rufus (Riley X Cowpea 
Triaspis sp undescribed Xx Cow pea X Le ptoglottis 
Microbracon mellitor (Say X Cowpea X 1 Rhynchosia 
Mi robracon rariabilis Prov x c. robusta 
Eurytoma tylodermatis (Ashm X Cowpea 
Eupelmus cyaniceps var. amicus Git 4 Cowpea X Rhynchosia 
Zatropis incertus (Ashm X Stropho- X 1 Le ptoglottis 
sty les spp 
X Cowpea 
Tetrastichus doteni (Cwfd Hi ©. robusta 
X Relation of host and parasite certal 
4 Parasite bred from host plant insect host uncerta 
X1H perparasite on Microbracon’, one specimet 


early in July in 1938 and 1939. Rhynchosia 
is found infested in late July and in Au- 
gust. Bradburya and Galactia pods with 
grubs were collected from August to Oc- 
tober. Over the several years the earliest 
seasonal collection of infested pods was 
July +. the latest October 21. 

Grubs emerge from the pods within a 
week after collection and seek soil in 
which to burrow and pupate. The earliest 
grubs emerged July 5: the latest October 
28. Adults from these matured July 25 to 
December 3, that is, 20 to 36 days after 
the grubs burrowed into the soil. It is 
likely that there are two generations of 
this weevil yearly. 

Parasites of Chaleodermus larvae which 
have appeared in the course of this work 
are given in table 1. Myiophasia globosa 
has been the most abundant species and in 
cowpeas it kills about twenty per cent of 
the curculio grubs that leave the pods. 
This tachinid fly and the two species of 
Triaspis (Braconidae) emerge from larvae 


emergence dates it appears to be parasitic 
on (. aeneus but it may also attack cater- 
pillars and bruchids in the pods. Zatropis 
incertus (Ashm.) was found positively on 
(’. aeneus only once when a third instar 
grub was parasitized. However, more than 
50 specimens have been bred from various 
lots of cowpeas, usually emerging 12 to 25 
days after picking, and the curculio is the 
most likely host. Z. incertus was the only 
parasite definitely found on C. aeneus in 
pods of Strophostyles. 

M yiophasia globosa is shining black and 
bristly. Triaspis sp. is black with longi- 
tudinal grooves on the abdomen and the 
legs are yellow, while 7. curculionis var. 
rufus has a red thorax and is larger. M7- 
crobracon mellitor is pale brown or reddish 
brown and sometimes has black patches 
on the adjoining parts of thorax and ab- 
domen. Eurytoma is black with coarse pits 
on the thorax but has a smooth abdomen. 
Eupelmus is greenish bronze and hairy, 
and the female has a V-shaped impression 
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on the thorax. Zatropis is green or cop- 
pery with sparse white hairs. It is much 
smaller than any of the other parasites of 
Chalcodermus aeneus. 

Three species of Hymenoptera reported 
earlier (Bissell 1938), Callimome antho- 
myiae (Ashm.), Galeopsomyia sp., and 
Zatropis coeliodis (Ashm.), have not been 
encountered again and their hosts are not 
known. 

Apion delta Buch.—This curculionid is 
about the same size as A. griseum Smith 
but differs from that species in having red 
legs, brown hair on the back, and three 
white spots of hair around the scutellum. 
It was bred from the pods of Croton 
glandulosus L. of the family Euphorbia- 
ceae. Each of the spherical pods contains 
three seeds but only one was used by a giv- 
en developing weevil. A lot of 128 pods 
contained 15 adult and immature weevils, 
and 14 parasitized weevil larvae. 

Three species of hymenopterous para- 
sites were dissected from the seed pods of 
Croton and found on the larvae of Apion 
delta. These were Trimeromicrus sp. (an 
undescribed species near 7. maculatus 
Gahan), a striking chalcid with green 
spots or stripes on a black thorax; Eupel- 
mus allynii (French), the male with yellow 
femurs quite different from the female; 
and Heterospilus sp. The first named par- 
asite was the most abundant. 

Apion rostrum Say, the largest species 
of the genus known to the writer, was 
found June 22 in pods of Baptisia tinctoria 
L.) R. Br. at Tifton, Georgia. Weevils 
were then in the adult stage and no pod 
contained more than one insect. About 
two-thirds of the seeds were consumed in 
each infested pod. 

Acanthoscelides alboscutellatus (Horn), 
Bruchidae, was found in the pods of Lud- 
wigia alternifolia 1.., “seedbox,” of the 
evening primrose family. The seeds of this 
plant are minute and many are contained 
in each of the four compartments of the 
pod. Each weevil was found in a cell with 
walls formed of closely compacted seeds 
and excrement. The chaleid Eupelmus cy- 
aniceps var. amicus emerged from the 
Ludwigia pods along with the bruchids. 

Acanthoscelides distinguendus (Horn). 
This gray checkered beetle, rather broad, 
emerged from August to November from 
the pods of two species of legumes, Rhyn- 
chosia erecta (Walt.) DC. and R. interme- 
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dia (T. & G.) Small. Blatchley, in “Cole. 
optera of Indiana,” states that this 
bruchid breeds in the pods of Cracca pir- 
giniana L., but in view of Yip’s work (Yip 
1936) with this plant, Blatchley possibly 
had reference to A. obsoletus Say, which 


Mr. J. C. Bridwell indicates (in cor- 
respondence) is similar to A. distinguen- 
dus. 


Acanthoscelides schrankiae (Horn), a 
small bruchid with red fore and mid legs 
and an almost solid gray back developed 
in pods of the sensitive brier, Leptoglottis 
(Schrankia) Nuttallii DC. In several col- 
lections of pods this insect was about as 
common as the grubs of Chalcodermus in- 
aequicollis; however, in one lot there were 
bruchids only, which had destroyed about 
one-third of the Emergence oc- 
curred from July 15 to October 5. 

Acanthoscelides longistilus (Horn), the 
smallest bruchid in this series, emerged 
from the seed of Lespedeza sp. (L. frutes- 
cens (L.) Britton or virginica (L.) Brit- 
ton), and from L. hirta (L.) Ell. collected 
at Mitchell, Georgia, in October, 1987. 
From the same lot of seed came the weevil, 
Apion decoloratum Smith, and three chal- 
cids, Zatropis incertus (Ashm.), Catolac- 
cus sp. (undescribed), and Tetrastichus sp. 
(undescribed). The exact host of any of 
these Hymenoptera is not known. 

Callosobruchus maculatus (Fab.).—The 
cowpea weevil is associated with peas in 
storage but infestations often begin in the 
field. A lot of blackeyed cowpeas picked 
July 20 and caged in the pods, produced 
weevils beginning August 7. Parasites be- 
gan emerging the latter part of August but 
they were not distinguished from para- 
sites of the curculio until some time later. 
Three chalcids were later definitely found 
to be parasites of Callosobruchus. These 
were Bruchobius laticeps (Ashm.) copper- 
colored and robust; Lariophagus texanus 
Cwfd., black; and Aplastomorpha calan- 
drae (How.), green, with conspicuous fine 
white hair, and the smallest of the three. 
The number of Lariophagus per weevil 
grub ranged from one to eight and it ap- 
peared that the number varied directly 
with the size of the host. The other two 
parasites always occurred singly. The de- 
gree of parasitism by the three chalcids in 
the single lot of cowpeas was about equal. 
In a random lot of 24 seeds they killed 57 
grubs or 43 per cent of the total number. 


seeds. 
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No positive case was discovered in 
which the parasites of Chalcodermus ae- 
neus, listed in Table 1, attacked Calloso- 
bruchus or in which parasites of the latter 
attacked the curculio, although curculios 
and weevils often infested the same peas. 

Caterpillars of two moths, the Indian- 
meal moth and the Angoumois grain moth, 
fed and matured in dry cowpea pods. In 
every case observed they entered the cells 
in the peas vacated by the cowpea curculio 
and usually pupated in these places. It 
appeared that the caterpillars consumed 
the frass of the curculio but may have 
also eaten cowpea tissue. 

Ulophora grotet Rag.—A small moth of 
the family Pyralididae was bred from pods 
of Cracca spicata (Walt.) Kuntze, collect- 
ed in Spalding County and from Cracca 
virginiana L.., collected in Glascock Coun- 
ty. The caterpillars, which were quite 
common in some lots, were white or yel- 
low when small and blue or bluish-green 
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when mature. Pupation occurred in the 
soil in well made cocoons a little below the 
surface. Moths were obtained September 
22 to November 20. 

Yip (1936) found caterpillars of Ulo- 
phora tephrosiella Dyar in pods of Cracca 
virginiana which were collected in several 
parts of the United States. Descriptions 
of three species of Ulophora were given by 
Forbes (1923). 

There were two parasites of the Ulo- 
phora grotei caterpillars, Eupelmus cyani- 
ceps var. amicus and Heterospilus sp. (un- 
described), the latter being found the 
more commonly in collections from both 
Spalding and Glascock Counties. Yip also 
found a new species of Heterospilus, but 
we do not know that they are the same. 

M yelois venipars Dyar.—The navel or- 
ange worm fed in pods of honey locust, 
Gleditsia triacanthos L., and moths emerged 
in January in the laboratory. This insect 
is known to be a scavenger.—7-13-40. 
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Lateral Migration and Depth of Pupation of the Larvae of the 
Primary Screwworm Cochliomyia americana C. and P. 


Bernarp V. Travis, E. F. Knrpeuine, 


and Artuur L. Bropy, U. 


S. Department of Agriculture, 


Bureau of Entomology and Plant Quarantine 


The distance that larvae of the primary 
screwworm, Cochliomyia americana C. and 
P., will migrate from the place where they 
have dropped to the ground and the depth 
at which they pupate in the soil were 
studied under field conditions during the 
fall of 1935 and the spring of 1936 at Val- 
dosta, Ga. These tests were conducted to 
determine the advisability of further 
studies on methods of control for larvae 
and pupae of the serewworm in carcasses 
of animals or in the soil near infested ani- 
mals. Tests on methods of controlling lar- 
vae and pupae in the soil and carcass have 
been conducted by Brody & Knipling 
(1940). 

Data on the distance that secrewworms 
migrate laterally and the depth at which 


they pupate are of practical significance in 
control campaigns, as well as of biological 
interest. Infested animals usually hide in 
some secluded spot for several days before 
their death, and frequently the larvae 
have dropped in the soil before the animal 
is found. Tests have indicated that larvae 
of the primary screwworm begin to mi- 
grate from a carcass immediately after 
death of the infested animal and _ that 
practically all have left the carcass within 
48 hours. The destruction of such larvae 
and pupae may prove to be a worth while 
control measure, but before such measures 
of control are recommended, the size of 
the area to be treated and the depth to 
which the treatment should penetrate the 
soil must be known. 
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The burning of carcasses of animals that 
have died of screwworm infestations has 
been recommended for some time (Bish- 
opp et al. 1917), and recent investigations 
by Brody & Knipling (1940) have shown 
that improved methods of burning and 
the application of certain chemicals to the 
soil around the carcass are effective in de- 
stroying larvae and pupae of the primary 


Table 1.—Distribution of Cochliomyia ameri- 
cana pupae and adults within concentric circular 
areas around area into which larvae had dropped 
from infested animals. 





\DULTS Pupat ADULTS 

DIAMETER AND 
or Area, Num- Per Num- Per PuPAR, 
Fret ber Cent ber Cent Per Cent 

l 208 28.3 253 39.4 34 

| OS 69.0 268 41.8 76.5 

5 19 2.6 116 SLI 9.8 

7 l l 5 7 5 

Potal 736 100.0 642 100.0 100.0 





screwworm as well as those of blowflies 
that normally feed on dead tissue. 

LATERAL Micration.—Two sets of ex- 
periments were conducted to determine 
the lateral distance that the larvae of the 
primary screwworm might migrate. In 
test 1, which was representative of larvae 
dropping from a live animal, an infested 
goat was confined in a cage so constructed 
that the mature larvae leaving the animal 
dropped to the ground in an area 1 foot in 
diameter. The larvae dropped on a sandy- 
loam pasture that had a moderate cover- 
ing of Bermuda grass. After the larvae 
had pupated, a series of metal hoops, 8 
inches high and 1, 3, 5, and 7 feet in diam- 
eter, was placed in concentric circles over 
this area, with the inner circle around the 
spot where the larvae had dropped. Screen 
was soldered to the tops of the hoops, 
making each circle a cage to confine the 
emerging flies. 

In test 2, which was representative of 
larvae dropping from a dead animal, a 
goat infested with mature larvae was 
killed and placed on the ground where the 
soil conditions were the same as in test 1. 
After the larvae had dropped to the 
ground, the carcass was removed and the 
area laid off in concentric circles of the 
same diameter as those in test 1, with the 
center directly under the hip region of the 
careass, in which the secrewworms were lo- 
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cated. After all larvae had pupated, the 
soil from each circle was sifted and the 
pupae counted. 

The results indicate that for the type of 
soil on which these tests were made the 
larvae do not migrate far from the point 
where they drop to the ground, since over 
89 per cent pupated within 18 inches of 
the center of the area where they had 
dropped (Table 1). Thus it is believed that 
the area around an animal that has died 
of serewworm infestation is_ sufficiently 
small to warrant the use of soil treatments, 

In the field it had appeared that when 
Cochliomyia americana larvae migrated 
from a dead animal they tended to crawl 
under the carcass to complete their de- 
velopment. A goat infested with mature 
larvae in the region of the hip was killed 
and placed in a sandy-loam pasture with 
a moderate covering of Bermuda grass. 
After the larvae had pupated, the soil 
from the area covered by the body of the 
animal and from between concentric con- 
tours 1 foot apart was sifted. It was found 
that 69 per cent of the larvae pupated un- 
der the body of the goat (Table 2). 


Table 2.—Distribution of Cochliomyia ameri- 
cana pupae with reference to location of carcass 
from which larvae had dropped. 





PERCENTAGE 


NUMBER or Torat 

AREA or Pupat PuPat 

Within contour of carcass t2S8 68.7 
Within contour lL foot 

from carcass Ist 205 
Within contour 2 feet 

from carcass 11 1.8 

Total 623 100.0 





Depry or Pupation..-The depth of 
pupation was tested under various soil 
conditions by allowing mature larvae to 
drop naturally from confined live infested 
goats, from animals killed and placed on 
the ground in the desired locations, and 
also by dropping mature larvae removed 
from collection cages on test plots in vari- 
ous locations. Test areas where larvae 
were allowed to pupate were as follows: A 
lane where the soil was well packed and 
the vegetation sparse except for a heavy 
Bermuda grass sod; a sandy-loam pasture; 
a barn lot that was a sandy loam with a 
large quantity of pecan hulls mixed in the 
soil and manure; wet sandy soil near a 
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pond; muck in a cypress swamp; and dry 
loose sand under a house. 

The data for the various locations, ex- 
cept for the dry sand under a house, are 
not presented separately because they did 
not differ greatly. 

In a preliminary test with larvae that 
had dropped naturally from a live goat the 
soil in which the larvae had pupated was 
removed in horizontal layers 1 inch thick. 
All the 291 pupae were found to be in the 
top 2 inches of the soil, 97.6 per cent being 
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the grass plants or among the roots rather 
than in the bare soil between the clumps 
of grass. The larvae migrated farther 
where there was no vegetation than where 
the vegetation was dense. In small cages 
containing moist soil pupation occurred 
at much greater depths than in the field. 

A study of the orientation of the pupae 
in the soil showed 66 per cent in a vertical 
position, 30 per cent at an angle between 
vertical and horizontal, and 4 per cent ina 
horizontal position. When the pupae were 


Table 3.—Depth of pupation of Cochliomyia americana. 





PERCENTAGE OF LARVAE PUPATING At 


1 


Oto 4 ; to 3 
Tres Inches Inches 
Larvae allowed to drop naturally 
from live host 39.0 $5.5 
Lary ae from collect ion cages plac ed 
in soil exposed to weather 19 6 16 
Larvae from collection cages placed 
in dry sand under a house 0 0 


INpIcATED Deptus 


Sto j tol ltoll Iitol} Tora. 
Inches Inches Inches | Inches PUPAE 
10.5 3.5 1.5 0 200 
+.0 0 0 0 224 
14.0 58.0 26.0 2 50 





in the top inch and 2.4 per cent in the sec- 
ond inch. 

In subsequent studies the soil was sliced 
vertically with a sharp knife so that the 
depth of the pupae might be more accu- 
rately measured. The distance was meas- 
ured from the highest point of each pupa 
to the top of the ground and to an accu- 
racy of one-fourth of an inch. Little dif- 
ference was found between the average 
depth of pupation of larvae that had 
dropped naturally from a host and those 
that had been removed from collecting 
cages and placed on the soil. The differ- 
ences were significant statistically, but for 
practical field use they were not sufficient- 
ly pronounced to alter recommendations 
for the treatment of these pupae. Pupa- 
tion occurred deeper in loose dry sand un- 
der a house than in soil exposed to the 
weather (Table 3). No pupae were found 
more than 13 inches below the surface of 
the ground. This habit of pupation places 
the majority of the pupae within reach of 
soil treatments. 

It was noted that larvae tended to pu- 
pate in clumps of vegetation, where such 
was present, and that pupation was slight- 
ly deeper where the vegetation was more 
sparse. In heavy Bermuda grass sod the 
larvae frequently pupated in the crown of 


not lying in a horizontal position, the an- 
terior ends were pointed up. 
ConcLusions.—Since most of the lar- 
vae leave a carcass rather promptly after 
the death of the infested animal, and since 
they pupate near the carcass and also near 
the surface of the soil, the treatment of 
soil beneath and in the vicinity of an ani- 
mal that has died from screwworm infes- 
tations may prove more important for the 
control of the primary screwworm than 
the destruction of the carcass itself. The 
treatment should extend at least 2} feet in 
all directions from the place where the 
larvae have dropped and should be effec- 
tive at a depth of approximately 1 inch. 
SuMMARY.—-Studies were conducted 
during the fall of 1935 and the spring of 
1936 at Valdosta, Ga., to ascertain the 
distance that larvae of the primary screw- 
worm (Cochliomyia americana C, and P.) 
will migrate from the place of dropping to 
the ground and the depth at which they 
pupate in the soil. To determine lateral 
migration an infested animal was so caged 
that larvae which emerged from the 
wound dropped to the ground in an area 
one foot in diameter. Likewise infested 
carcasses were so placed that the larvae 
reached the ground on a small area. The 
distances these larvae travelled were de- 
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termined by using a graduated series of 
metal hoops 1, 3, 5, and 7 feet in diameter 
with the smallest surrounding the area on 
which the larvae dropped. Adults which 
emerged from the areas between these 
hoops were trapped, or the soil of these 
areas sifted to find the pupae. Depth of 
pupation was tested by allowing mature 
larvae to drop naturally on various types 
of soil, and by artificial placement in sim- 
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ilar situations, then noting the depth to 
which they burrowed before pupation, 
The results indicate that 90 per cent of 
these larvae pupate within a radius of 
18 inches from where they drop, and 
that under field conditions practically all 
larvae pupate in the soil within one-half 
inch of the surface. Most of the pupae 
are in a vertical position in the soil. 
6-6-40. 
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The Nutritional Requirements of Serewworm Larvae 
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The screwworm, Cochliomyia americana 
C. & P., is one of the most destructive 
pests of livestock in this country. In na- 
ture the larvae live as obligatory parasites 
on warm-blooded animals, having never 
been found to complete their growth nor- 
mally on cold-blooded animals or on car- 
casses or other non-living media. The ear- 
lier work on the biology and methods of 
control was considerably handicapped by 
the time-consuming and expensive pro- 
cedure of rearing the larvae on living ani- 
mals. By a careful study of their nutri- 
tional and temperature requirements it 
has been possible to develop a method of 
rearing the larvae on artificial media 
(Melvin & Bushland 1936) and this has 
been of distinct importance in furthering 
research work on larvicides and on many 
other aspects of the screwworm problem. 
Since the discovery that these larvae 
could be reared on artificial media, further 
studies have been made on their nutri- 
tional requirements. The results of these 
studies, together with notes on incidental 
observations, are presented herein. 

In the course of this work many modi- 
fications and improvements in the medi- 
um have been made. During the past year 
the following formula has been used with 
success: 1 liter of water, 6 cubic centi- 
meters of formalin (39 per cent formalde- 
hyde), 1 kilogram of finely ground lean 
beef, and 500 cubic centimeters of citrated 
beef blood (3 grams of sodium citrate per 


liter of blood). The ingredients are thor- 
oughly mixed, in the order given, in a No, 
2 galvanized tub, approximately 15 inches 
in height by 2 feet in diameter. The rear- 
ing tub is kept in a warm room (tempera- 
ture range 85 to 100 degrees F.). 

Newly hatched larvae are placed on the 
medium and begin feeding immediately. 
They are allowed to feed for 3 days and 
are then transferred to a tub of fresh me- 
dium where they feed for 3 or 4 days 
more before completing larval growth. 
When a tub is overstocked with larvae, 
the transfer must be made sooner. During 
the first 3 days several thousand larvae 
may be grown in one rearing tub, but dur- 
ing the second 3 days about 2,000 larvae 
will exhaust the food supply of a fresh tub. 

Transferring of larvae is easily accom- 
plished since they are gregarious in their 
feeding habits. They feed as a group and 
move slowly across the tub, leaving the 
medium viscous and dark. 

On about the sixth day some of the lar- 
vae cease feeding and begin to migrate. 
The culture tub is then tilted over another 
tub containing approximately one inch of 
moist sand. The larvae crawl from the 
rearing tub and fall to the sand, which 
they enter to pupate. About 2 days are re- 
quired for a culture to finish feeding and 
leave the rearing tub after the larvae be- 
gin to migrate. 

The larvae and pupae are sifted from 
the sand tub and placed in buckets of 
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moist sand for development of the pupae. 

Larvae may be reared at a cost of less 
than 50 cents a thousand, which is much 
cheaper than rearing larvae on live ani- 
mals. Considering humaneness, the reduc- 
tion of objectionable odors, and the con- 
servation of laboratory space, media rear- 
ing is to be preferred to animal rearing of 
screw Worms. 

In the development of the method de- 
scribed the breeding stocks have been car- 
ried for 88 consecutive generations, about 
4,000 larvae having been reared per week 
over a period of 4) years. During this pe- 
riod there has been no apparent change 
in the normal biology of the insect or its 
physiology and morphology. 

The formula given does not need to be 
followed strictly for satisfactory results. 
The amount of formalin, however, is im- 
portant. Bacterial decomposition renders 
the medium unsuitable for larval develop- 
ment. Formalin at the rate of 6 cubic cen- 
timeters per tub greatly inhibits decompo- 
sition, but at lower concentrations is 
insufficient to prevent spoilage of the me- 
dium and at higher concentrations retards 
larval growth. Ten grams of sodium ben- 
zoate has been used in lieu of 6 cubic cen- 
timeters of formalin, but is not quite so 
satisfactory. 

In place of beef blood, the blood of 
goats, sheep, and hogs has been used suc- 
cessfully. Larvae have been reared satis- 
factorily on ground muscle of sheep, hogs, 
chickens, rabbits, sparrows, doves, and 
catfish. 

Larvae have been reared on media con- 
taining ground beef heart, but they did 
not mature on beef or pig liver. Larvae 
will develop in a medium containing three 
parts of liver to one part of ground beef, 
but they are abnormally small even when 
equal parts of beef muscle and liver are 
used. Whatever meat is used, it should be 
as lean as possible, as fat appears to 
smother the larvae. 

The volume of the medium can be regu- 
lated according to the number of larvae 
being reared. Larvae have been grown 
individually and in groups of ten in 10-ce. 
vials. Thousands of toxicity tests have 
been conducted using 150 ce. of medium 
in wide-mouth pint mason jars. 

Regardless of the size of the container, 
the medium should fill it to a depth of ap- 
proximately one inch. If deeper some of 
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the food is wasted and if shallower the me- 
dium tends to become too dry for the lar- 
vae. 

Considerable study was given the mat- 
ter of rearing screwworm larvae on sterile 
media. Although no method was devised 
for rearing large numbers of larvae asep- 
tically, several media were developed that 
are applicable where limited numbers are 
desired. One of the most satisfactory of 
these is described briefly below, together 
with the technique employed. 

Fifty cubic centimeters of a mixture 
containing 25 per cent of egg yolks, 25 per 
cent of whole sweet milk, 1 per cent of 
agar-agar, and 49 per cent of water was 
placed in a 250 cc. erlenmeyer flask, 
which was plugged with cotton and auto- 
claved. After the mixture had cooled, 
Cochliomyia americana eggs were intro- 
duced aseptically. The eggs had been ster- 
ilized in a solution of alcoholic mercuric 
chloride, by a method which was a slight 
modification of that used by White (1937). 
In many tests the flasks were kept at a 
temperature of 89 to 94 degrees F. The 
larvae matured rather rapidly and in 
many cases crawled up the side of the 
flask and escaped or pupated in the cotton 
plug. Although tests for aerobic and an- 
aerobic bacteria were negative during the 
development of the larvae, these tests 
were often positive after several of the 
larvae had escaped, and no sterile pupae 
were obtained. Nevertheless, this medium 
and method should be adaptable to cer- 
tain types of studies. In this connection it 
is worthy of note that the sterile medium 
had a sweetish applelike odor even after 
the larvae had completed development. 

By a slight modification of the above 
technique a method was developed where- 
by a limited number of sterile pupae and 
flies could be obtained. The method con- 
sisted of placing the medium in a 50-ce. 
beaker and then placing the beaker in a 
wide-mouth jar containing 1 inch of 
washed sea sand. A short piece of copper 
tubing 1 inch in diameter was soldered 
into the jar lid and plugged with cotton. 
The jar was sealed and the set-up auto- 
claved. After cooling, sterilized eggs were 
added through the copper tubing. As the 
larvae matured they migrated from the 
beaker and were trapped in the sand, 
where they pupated and developed into 


flies. 
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In tests to determine the effect of add- 
ing various materials to the nutritional 
medium the following results were ob- 
tained: Dextrose and sucrose at a concen- 
tration of 2.6 per cent in the medium per- 
mitted larvae to develop to maturity, but 
at a concentration of 6.7 per cent were 
lethal. Copper sulfate at a concentration 
of 0.03 per cent was apparently harmless 
to the larvae, but at 0.07 per cent was 
lethal. Borie acid killed young larvae at a 
concentration of 0.33 per cent but did not 
affect them at a concentration of 0.17 per 
cent. Arsenic trioxide at 0.03 per cent was 
lethal but at 0.003 per cent produced no 
marked effects on the larvae. Phenothia- 
zine was not toxic at a concentration of 
0.03 per cent but was lethal at 0.05 per 
cent. 

The fact that serewworm larvae develop 
in these media in spite of the presence of 
relatively large amounts of insecticides 
demonstrates that the media possess an 
abundance of the nutritive materials nec- 
essary for growth. 

In connection with these 
tempts were made artificially to infest ani- 
mals of unknown susceptibility to the 
screwworm. When introduced into fresh 
wounds in the crow, English sparrow, and 
garden toad, larvae completed their de- 
velopment. The record concerning the 
garden toad is of special interest since the 
host is a cold-blooded animal. Several at- 


studies at- 
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tempts to rear screwworms on horned 
frogs were unsuccessful. 

SumMARY.—In rearing larvae of the 
screwworm, Cochliomyia americana C, & 
P., for experimental purposes an artificial 
medium consisting of 1 liter of water, 6 
cc. of formalin (39 per cent formalde- 
hyde), 1 kilogram of finely ground lean 
beef, and 500 ce. of citrated beef blood 
(3 grams of sodium citrate per liter of 
blood) has been successfully used. Varia- 
tions of this formula are possible but the 
proportion of formalin should not be 
changed. For rearing large numbers of 
larvae a No. 2 galvanized tub makes a 
convenient vessel for holding the material. 
Another tub containing sand is used for 
the full grown larvae, which pupate in the 
sand. In this way larvae may be reared at 
a cost of less than 50 cents a thousand, 
which is much cheaper than rearing them 
on live animals. 

Considerable study was given to the 
matter of aseptic rearing of larvae. No 
method was devised for rearing large 
numbers of larvae aseptically, but several 
media were developed that are applicable 
where limited numbers are used. These 
and the technique for their use are de- 
scribed. 

Under laboratory conditions screwworm 
larvae were reared on several kinds of ani- 
mals, including the common garden toad. 
6-19-40. 
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Velissopus latiferreanus as a Pest of Filberts 
in the Northwest 


S. M. Donantan, U 

Among the insects that attack the fil- 
bert in the Pacific Northwest Melissopus 
latiferreanus (Walsingham),' referred to in 
this paper as the filbert worm, has caused 
the growers the greatest concern on ac- 
count of its direct damage to the nuts and 
the expense involved in sorting the in- 
fested nuts from the sound ones. Although 


Order Lepidoptera, family Olethreutidae, subfamily Las 


peyresiinae, 
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the actual losses for the most part have 
not been serious, several locally severe in- 
festations have developed, demonstrating 
the potential importance of the insect. 
The filbert worm has been under observa- 
tion by the Entomology Department of 
the Oregon Agricultural Experiment Sta- 
tion for a number of years and that agency 
is now conducting experimental control 
tests against it (Thompson 1938). This 
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paper is presented because the preliminary 
investigations on the biology of the insect, 
conducted at the Eugene, Oregon, lab- 
oratory of the Bureau of Entomology and 
Plant Quarantine, have brought to light 
certain interesting facts and trends which 
appear to be wort hy of record. 

Tue Fitsert INpoustry.—Although 
the early settlers in the Pacific Coast 
States planted an occasional filbert tree to 
obtain nuts for home use, commercial or- 
chards were not planted until about the 
beginning of the present century. During 
the first two decades of this period the 
growth of the industry was indeed slow, a 
recent census showing approximately 
4,500 trees as the total planted prior to 
1920. Its expansion since, however, has 
been phenomenal, it being estimated that 
today more than 1,100,000 trees are to be 
found in the filbert orchards of the Pacific 
Northwest. Last year the Bureau of Agri- 
cultural Economics of the United States 
Department of Agriculture predicted that 
the increase would continue for some time, 
and also that by 1945 the yield would be 
doubled. This prediction appears to be 
reasonable in view of the fact that the 
United States now produces only a small 
percentage of the filberts it consumes an- 
nually, and because of the suitability of 
the soil and climate of the region west of 
the Cascade Mountains for the profitable 
production of that nut. 

Since the introduction of the filbert 
from Europe and Asia Minor, about a 
dozen insects indigenous to the Northwest 
have been reported as attacking it, but, 
with the exception of Melissopus latifer- 
reanus, none has yet developed to a point 
where serious losses are occasioned by its 
activities. It is reasonable to expect, how- 
ever, that with the expansion of the areas 
devoted to filbert growing, and also as the 
present young plantings develop with the 
years, some of the insects now attacking 
it will increase in importance and gradu- 
ally assume the role of pests. Undoubtedly 
other insects also will find in it a suitable 
host. This has been true of many an in- 
troduced plant. 

ComMON Name, DISTRIBUTION, AND 
Hosts. Melissopus latiferreanus has been 
known as the Catalina cherry moth be- 
cause it was originally described by Lord 
Walsingham (1879) from specimens in- 
festing the fruit of a wild bush, Prunus 
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lyonvi Sargent, called the Catalina cherry. 
Because of its economic importance as a 
pest of filbert, however, the common name 
filbert worm is used in this paper. 

According to unpublished records of the 
Bureau of Entomology and Plant Quaran- 
tine, U.S. Department of Agriculture, the 
insect is generally distributed throughout 
the United States from the Atlantic to the 
Pacific. During the last 2 years detailed 
observations on the distribution of the in- 
sect have been made along the West Coast 
from the Canadian border to within 100 
miles of the Mexican boundary. Thou- 
sands of specimens of likely host materials 
were collected to obtain definite evidence 
of distribution and positive records of 
hosts. The results to date show it to be 
generally found along the entire coast 
west of the Cascade and Sierra Nevada 
Ranges. 

In the states of Oregon and Washington 
it has been reared from the galls and 
acorns of the Garry oak, Quercus garryana, 
the wild hazelnuts, Corylus americana and 
C. cornuta, and filbert, Corylus avellana. 
One adult of the species was bred from a 
walnut, Juglans sp. collected in the Willa- 
mette Valley in northwestern Oregon. 
Numerous specimens have been recovered 
from wild hazelnuts, oak acorns and galls, 
and Catalina cherries collected in Califor- 
nia. For many years the Bureau of Ento- 
mology and Plant Quarantine of the Cali- 
fornia State Department of Agriculture 
has received specimens for specific deter- 
mination from points throughout that 
state. Their records contain all those al- 
ready mentioned and also the following 
from which M. latiferreanus was reared: 
Apricot, Prunus sp., chestnut, Castanea 
sp., chinquapin, Castanopsis sp., horse- 
chestnut, Hippocastanum sp., orange and 
tangerine, Citrus sp., and peach, Amyg- 
dalus sp. The Division of Insect Identifica- 
tion of the U. S. Bureau of Entomology 
and Plant Quarantine has records of the 
insect being reared from beechnut, Fagus 
sp. Such a list would seem to indicate that 
the filbert moth is not fastidious as to 
hosts, and further investigations are likely 
to produce additional ones. 

REARING FOR IDENTIFICATION.—One of 
the first objectives of the work was the 
definite specific determination of the in- 
sect being investigated. It was important 
to know whether only one species was in- 
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volved or two or more species were present 
to complicate the problem. The large and 
diverse collections of host materials made 
to define the distribution of the insect 
were particularly helpful for this purpose 
because they were made at various alti- 
tudes over a considerable area. Adult spe- 
cimens emerging from them were sub- 
mitted to the specialists of the Division of 
Insect Identification of the Bureau of En- 
tomology and Plant Quarantine, who de- 
termined them as Melissopus latiferreanus 
(Walsingham). 

The species is subject to extreme varia- 
tion in color, size, and even in certain 
structures, and has been separated by 
Heinrich (1926) into seven varieties which 
have been designated by letters A to G. 
Three of these varieties are found west of 
the Rocky Mountains and four from the 
Rockies east to the Atlantic Coast. One of 
the latter varieties is also recorded from 
Mexico. Only varieties A and C have been 
reared at the Eugene laboratory to date, 
variety A from hazelnuts, and oak galls 
and acorns, and variety C from filbert 
nuts, Catalina cherry, hazelnuts, and oak 
acorns. 

VARIETAL SUSCEPTIBILITY OF FILBERTS, 

In addition to the filbert varieties origi- 
nally imported into the Northwest, many 
new varieties have been developed from 
them subsequently by nut growers and 
plant breeders. Of the more than 500 vari- 
eties of filberts developed there are said to 
be 100 named ones, 12 or 15 of which are 
considered of economic importance. Since 
varieties of filberts are as distinct as varie- 
ties of tree fruits, and each possesses its 
peculiar characteristics, it is not unlikely 
that some may be more resistant than 
others to the attacks of the filbert worm. 
It is the intention to study as many of the 
varieties as feasible to ascertain the degree 
of susceptibility of each. Studies have al- 
ready been initiated with 23 vaireties, in- 
cluding all those now commercially grown 
in the Northwest. Early results show a 
trend toward marked variation in 
ceptibility for the group as a whole, but 
to a lesser degree for the more common 
varieties. 

INFESTATION IN PREMATURE Drops 
aND Harvestep Nuts.—During August 
and early in September when filberts are 
maturing many nuts drop prematurely be- 
cause of inadequate pollination, on ac- 
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count of being diseased or infested by 
worms, or from other causes. Studies were 
undertaken to determine the extent to 
which nuts infested with worms dropped 
from the trees and to get the relation of 
these fallen ones to the infestation records 
of filbert nuts at harvest time. The results 
of one season’s observations may not give 
a true indication of conditions, neverthe- 
less they appear significant. During one 
season 60.3 per cent of the total infesta- 
tion of the entire crop on 158 trees in Lane 
County, Oregon, orchards was in the pre- 
mature drops, while 39.7 per cent was in 
the harvested nuts. 

Lire History ano Hasitrs.—The in- 
vestigations cover a period of only 2 years, 
hence only brief mention will be made here 
of the salient features in the life history 
of the filbert worm as studied under lab- 
oratory and insectary conditions at Eu- 
gene, Oregon. 

The eggs, deposited singly on or near 
the filbert nuts, hatch in 8 to 11 days; and 
the larvae develop rapidly after entering 
the nut and are ready for hibernation in 
about 3 weeks, when many of them leave 
the host. They overwinter as larvae in 
cocoons formed in trash or rolled leaves 
under the trees or on the surface of the 
ground, in the host fruits, or under other 
conditions of shelter. Some hibernate 
within the surface soil, their cocoons being 
covered with particles of soil. Pupation 
takes place the following season from early 
May to late August. The duration of the 
pupal stage depends upon the prevailing 
temperatures, in 1939 averaging about 33 
days for individuals entering this stage in 
June and only 15 days during the early 
part of August. 

Adults have emerged in the laboratory 
from material from various hosts from late 
in May to early in October. The period of 
maximum emergence of adults from the 
overwintering larvae depends on the host 
in which the hibernating form had de- 
veloped the preceding season. Emergence 
seems to be synchronous with the forma- 
tion and development of the host fruit. 
For example, most of the wild hazelnuts 
develop during June, and Melissopus 
adults from larvae reared from wild hazel 
emerged chiefly during that month. Adult 
moths from filbert material emerged dur- 
ing July and the early part of August, 
their emergence synchronizing with the 
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formation and development of that nut. 
On the other hand, since oak acorns do not 
develop until August, larvae which had 
fed on oak acorns the preceding season 
transformed into pupae later than any 
others studied and did not produce adults 
in any large numbers until August, when 
the new crop of acorns was in the process 
of formation and development. 

The moth has rarely been observed in 
flight. Often moths do not take to flight 
even when pushed or shoved about in 
laboratory cages. In larger outdoor cages, 
however, they have been seen to dart 
about or to fly short distances. 

Mating of adults in laboratory cages 
has been observed only when the tempera- 
ture was 64 degrees F. or slightly higher, 
and only at dusk or when it was moder- 
ately dark as at dusk. 

The filbert worm has one generation a 
year in Washington and Oregon with a 
tendency toward a partial second brood. 
In the Sacramento Valley of California 
the moth is found in the field as early as 
April. This early seasonal appearance of 
the moth coupled with the tendency of the 
species towards a partial second brood 
farther north may be indicative of at least 
a possible full second generation in the 
valleys in the southern half of California. 

OrcuarpD DistrRiBpuTION OF THE WorM 
PopuLtatTion.—During the initial surveys 
of infested filbert orchards in 1937 several 
growers mentioned an unusual concentra- 
tion of worm activity in certain restricted 
parts of their orchards while other por- 
tions of the same groves produced only 
sound nuts. A detailed study of this tend- 
ency towards a localization of infesta- 
tions within orchards was undertaken be- 
cause the information thus obtained 
would be useful in the planning and later 
in the interpretation of the results in the 
study of methods of control. The indicated 
trends appear to show (1) that irrespec- 
tive of the intensity of infestation in a fil- 
bert orchard wide variations occurred in 
the number of wormy nuts produced by 
individual trees, (2) that there appeared 
to be more uniform infestation where 
fewer varieties were planted in an orchard, 
(3) that in the more heavily infested or- 
chard there seemed to be a greater range 
of extremes in the numbers of infested 
nuts, and (4) that the most neglected or- 
chard harbored the largest percentage of 
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worms. Close study of the details of this 
experiment shows that it would be unsafe 
to assume that a uniform infestation exists 
in any orchard. 

Parasites.—Under the existing light 
infestations it was not expected that many 
natural enemies of the filbert worm would 
be encountered in the short time the insect 
has been studied. However, six parasites 
of the larva, two of which are species new 
to science, have been reared in compara- 
tively large numbers at the Eugene lab- 
oratory and determined by the specialists 
of the Bureau of Entomology and Plant 
Quarantine. These species will now be dis- 
cussed briefly. 

The following rearings of Calliephialtes 
nucicola Cush.? have been made: From in- 
fested oak galls, 42 from Eugene and 
North Albany, Ore., 5 from Santa Mar- 
garita, Ojai, and Gasquet, Calif., 1 from 
acorns collected at Woodburn, Ore., and 
1 from Catalina cherries collected at 
Santa Barbara, Calif. 

Seven adults of the chaleid Elachertus 
evetriae Girault® emerged from a Melis- 
sopus larva infesting a filbert nut collected 
in Eugene, Ore. 

Thirty-eight adults of Lissonota sp.? 
were reared as follows: 6 from isolated 
Melissopus larvae infesting oak acorns in 
Oregon, 4 from isolated larvae from Cata- 
lina cherry from Santa Barbara, Calif., 5 
from Oregon filbert nuts, 14 from oak 
acorns collected in Oregon, and 9 adults 
from Catalina cherry from Santa Barbara, 
Calif. 

In all, 19 specimens of Macrocentrus an- 
cylivorus Roh, have been reared from 
acorns from Eugene, North Albany, Mon- 
mouth, Dilley, Newberg, and Tygh Val- 
ley, Ore. Four of these were reared from 
isolated Melissopus larvae. C. F. W. 
Muesebeck, who identified the specimens, 
makes the following statement: “I have 
spent considerable time comparing these 
specimens with typical ancylivorus and 
have found no structural basis for dis- 
tinguishing them. I believe them to be 
ancylivorus. ...” 

Kighteen individuals of Phanerotoma 
tibialis (Hald.)* were reared during 1939 
from infested acorns collected at Eugene, 
North Albany, Dilley, Monmouth, and 


2 Determined by R. A. Cushman. 
Determined by A. B. Gahan. 
4 Determined by C. F. W. Muesebeck. 
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Woodburn, Oreg. One of them emerged 
from an isolated Melissopus larva. 

Twelve adults of Bassus nucicola Mues. 
were reared from as many Melissopus lar- 
vae isolated in individual glass vials. Also 
160 specimens have been reared from in- 
fested oak galls from various California 
localities, including Sacramento, Shan- 
don, Applegate, Sonoma, San Lucas, Santa 
Margarita, and Visalia. Five specimens 
have been reared from infested acorns 
from Monmouth and Woodburn, Ore., 
and ‘Tampico, Wash. 

A single specimen of Phorocera sp. was 
reared from a Melissopus pupa collected 
as a larva infesting a filbert nut in Spring- 
field, Ore. The determination was made 
by D. G. Hall, who reported, ““This spe- 
cimen runs to Phorocera erecta Coq. in 
Aldrich & Webber (1924) and agrees 
fairly well with the description and type. 
But this species has never been recovered 
from the host indicated.’ Hall hesitated 
to determine the single specimen sub- 
mitted as that particular species. 

A species of such wide distribution and 
diverse kinds of hosts as the filbert worm 
must be subject to the attacks of addi- 
tional parasites. In fact, several other spe- 
cies have been reared in very small num- 
bers from plant-host material infested 
chiefly by Melissopus. Further rearing will 
undoubtedly permit the definite associa- 
tion of many of these parasites with that 
insect host. As the work is continued the 
list of parasites will undoubtedly increase 
still further, more appearing especially 
from localities where heavier infestations 
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over a large area may occur. Today con- 
centrated infestations are to be found only 
in small spots in the filbert-growing see- 
tions of the Northwest. 

SummMary.—The profitable growing of 
filberts in the Pacific Northwest, a new 
industry in the United States, is threat- 
ened by Melissopus latiferreanus, called in 
this paper the filbert worm. This insect is 
widely distributed and attacks a number 
of diverse host plants, although the most 
important economic damage is done by 
the larvae feeding in the kernel of the fil- 
bert nuts. In addition to the direct dam- 
age to the nuts, considerable expense is 
incurred in the sorting of infested nuts 
from the sound ones. Its wide range of dis- 
tribution, the diversity of its hosts, and 
the rapidly increasing filbert acreage 
make it a pest of potential importance to 
the filbert industry in the Northwest. It 
attacks all varieties of the filbert that are 
of commercial importance, some to a 
lesser degree than others. 

The life history and habits of this in- 
sect are briefly as follows: Eggs hatch 
8-11 days after deposition, and in about 3 
weeks the larvae are fully fed and ready 
for hibernation; they overwinter in co- 
coons until 2 to 5 weeks before emergence 
as adults, at which time they go into the 
pupal stage. In Washington and Oregon 
the insect has one full generation a year 
and a partial second. Natural control 
agencies discovered during 2 years of 
study include more than six hymenopter- 
ous parasites of the larva and one dipter- 
ous pupal parasite.— 6-6-40. 
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MemoriaL Meetine ror W.S. BiatcuLey 


The W.S. Blatchley Club, formerly the Hamilton 
County Nature Study Club, held a memorial meet- 
ing for the Jate Doctor Blatchley for whom the club 


was named. The meeting was held at Noblesville, 
Indiana, October 11, and the memorial tribute was 
given by J. J. Davis of Purdue University 

















Barium Compounds as Poisons in Firebrat Baits’ 


Cuarves H. Ricuarpson and Epwin J. Serrer.e, Jowa State College, Ames* 


During the course of an investigation of 
stomach poisons, it was found that barium 
carbonate possessed considerable toxicity 
to the firebrat, Thermobia domestica (Pack- 
ard), when incorporated in a suitable bait 
mixture. Since barium carbonate is defi- 
nitely lower in cost than the poisons cur- 
rently recommended for firebrat baits ex- 
cept arsenic trioxide, and is safer than the 
latter poison for use in the home, it seemed 
advisable to examine it further. At the 
same time twenty-five other barium com- 
pounds were tested for toxicity to this in- 
sect. The experiments were made at 
Ames, Iowa, in the period from January 
$ to August 15, 1938. 

HistoricaL.._As_ insecticides barium 
compounds are not new. The older Euro- 
pean literature contains many references 
to barium chloride, which is reported to 
have both stomach-poison and contact- 
poison properties (Trappmann 1927 
Barium fluosilicate has been tested on a 
large number of insect species, and has 
found some practical applications. Barium 
carbonate has also been tried by a number 
of workers with variable results (Lefroy 
& Finlow 1912-14; Moore & Campbell 
1924; Marcovitch 1928; Peairs 1936). So 
far as tested, barium chromate, fluoride, 
oxalate, peroxide, stearate, sulfate and 
thiosulfate have shown no marked toxice- 
ity to insects (Lefroy & Finlow 1912-14; 
Jackson and Lefroy 1917; Moore & Camp- 
bell 1924; Richardson & Seiferle 1938). 

The earliest reference to the use of a ba- 
rium compound in a bait for firebrats or 
other lepismatids seems to be that in 
Spencer's unpublished thesis.* This author 
used barium carbonate at about 12 per 
cent of a flour-meat mixture, testing the 
bait on a single pair of firebrats; the in- 
sects died in 90 and 122 hours. 

In Australia, a species of silverfish, 
Ctenolepisma longicaudata Escherich, has 
been controlled by baits containing bar- 
ium fluosilicate (Anon. 1935; 1936a; 
1936b; 1937; Lindsay 1938). Seiferle et al. 
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(1938) have investigated baits containing 
barium fluosilicate for the firebrat. They 
found this compound less toxic than so- 
dium fluoride and sodium fluosilicate, on 
the basis of median lethal time, but more 
toxic than sodium fluoaluminate (cryolite) 
when comparisons were made of median 
lethal times for equal concentrations of 
poison. In their paper most of the litera- 
ture pertaining to poisons tested in fire- 
brat baits is cited. 

Barium compounds are definitely toxic 
to vertebrate animals. McNally (1937) 
cites instances of recoveries of man from 
doses as large as 35 grams, and deaths from 
doses as small as 10 to 12 grams. He states 
that fatal poisoning of humans by barium 
salts is comparatively rare. Schwartze 
(1920) found that barium carbonate was 
two-thirds as active as barium chloride to 
rats when fed by mouth. The chromate 
was practically nontoxic, and a barium 
soap (chiefly barium palmitate) was about 
equal in toxicity to barium carbonate for 
the same animal. 

Since the action of barium carbonate on 
vertebrate animals is slow so that the 
chance of death from accidental or in- 
tended poisoning is smaller than that from 
many other poisons, this compound is 
generally regarded as one of the safer 
poisons for use in rat baits. 

PLAN oF EXPERIMENTS.—In general, 
the baits, and method of administering 
them, were those employed by Seiferle, 
et al. (1938). A small quantity of bait was 
placed in a shell vial and a single firebrat 
was introduced. The bait consisted of 
rolled oats, sugar and sodium chloride, 
finely ground and mixed in the propor- 
tions, 200:10:5. A dye was added to the 
bait in the concentration of 0.5 per cent, 
and the poison, with a few exceptions, at 
t per cent concentration. Nearly all the 
barium compounds were of chemically 
pure, reagent grade; a few of lower grade 
were the best commercial products ob- 
tainable on the American market. 

The dye, Scarlet R, a nontoxic bis-azo 
compound, was added to determine 
whether feeding on the baits had taken 
place. Insects that consumed relatively 
large quantities of a bait containing Sear- 
let R assumed a deep red color easily visi- 


‘ 
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ble through the integument by means of a_ otherwise there were 5 replications. Ex- 
hand lens. On the other hand, insects that amination of the experiments were made 
ate little showed at most a slight pink or at 24, 48, 72 and 96 hours. 

pale reddish color. The presence of the Controls were of three kinds: a stand- 
dye was confirmed at the conclusion of the ard poison bait to control mortality, made 
experiment by dropping the insect in of the same kinds and proportions of ma- 
chloroform which immediately intensifies terials as the experimental baits except 
the color. In this manner, the ingestion by — that it contained 4 per cent sodium fluor- 


Table 1.—Mortality of the firebrat from barium compounds in baits at 4 per cent concentrations 
Time 96 hours. Temperature 38°C. 





MortTALiry ACTUAL Barium IN SOL. OF 
ComMPOUND Group Mortauityt Compp Compp.! Son. or Ba 
Per cent Per cent g. per | g. per |. 
Barium bromide 02 0 $1.2 1130 522.0000 
Barium chromate 0 54.0 0.0053 0.0029 
Barium diphenylamine sulfonate 0 21.9 2 
Barium diphosphate 0 58.8 0.05 0.029 
Barium iodide 0 $5.1 2300 SOS 
Barium sulfate 0 58.8 0.00381 0.0018 
Barium thiosulfate » 51.3 0.5 0.26 
Barium chloride ? 56.2 102 265 
Barium nitrate 2 52.6 137 72 
Barium oleate 2 19.6 Insol 
Barium chlorate 3-25 4 $2.6 539 245 
Barium perchlorate ry 0.8 $025 1236 
Barium sulfide* $ 81.1 Decomp 
Barium formate 6 60.4 338 204 
Barium acetate 8 50.2 768 $15 
Barium iodate 14 27.2 0.39 0.11 
Barium oxide 22 89.6 69 ti2 
Barium hydroxide 26-50 26 $3.5 77 62 
Barium tartrate $1 5.3 0.34 0.16 
Barium fluoride* 35 78.3 1.62 1.28 
Barium bromate 56 3.4 12 t 
Barium triphosphate 51-75 Jl 6S.4 Insol 
Barium peroxide 56 81.1 Insol 
Barium oxalate* 62 56.4 0.12 0.07 
Barium carbonate 76-100 s2 69.6 0.03 0.02 
Barium fluosilicate* 9] 49.2 0.41 0.21 





* Repellent compound 
t Based on at least 5 subsamples of 10 insects 
t Solubility data from Comey & Hahn (1921), Merck (1930) and Seidell (1919 


the insect of more than traces of the bait ide; a standard food like the standard 
could be positively detected. The selection poison bait but without sodium fluoride; 
of Scarlet R to detect feeding, and its use and a starvation control consisting only of 
at the 0.5 per cent level, are the outcome a vial and a paper perch for the insect to 
of experiments with a considerable num- rest upon. The purpose of the latter con- 
ber of dye compounds. The results of these — trol was to serve as a check on the ability 
experiments will be published later. of the insects to survive the experimental 

In an experiment there were ten adult period (96 hours) without feeding. Of the 
insects, each insect in its individual vial. 790 insects starved for 96 hours, only 0.5 
The criterion of death was the inability of | per cent died of all causes during this 
the insect to move when the antennae, time.‘ All experiments were maintained 
legs or tarsi were pinched with forceps. If. Recent experiments show that the insects can apparently 
a compound proved appreciably toxic, the derive some nourishment from the paper (medium-weight type- 


writer bond) of which the perches were made. The paper pere hes 


experiments were replicated 10 times; _ were common to all experiments and controls. 
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at 38 degrees C. and a relative humidity of 
about 70 per cent. 

Resutts.—The results of the tests on 
the several compounds are presented in 
table 1. Comparison of the mortality 
data for each barium compound was made 
with that for the standard sodium fluoride 
bait, the chi-square test being used in all 
doubtful cases to determine significance. 
The comparisons were always made with 
data derived from experiments which ex- 
tended over the same period of time. Mor- 
talities at 96 hours only are given in the 
table. All compounds except barium car- 
bonate and barium fluosilicate proved sig- 
nificantly different in mortality from so- 
dium fluoride. 

Similar comparisons were made to de- 
termine relat ive repellence, the percentage 
of insects colored by Scarlet R in the ex- 
perimental baits at each of the 4 time 
levels being compared with the percent- 
age colored in the standard food baits at 
the same time levels. The 4 compounds 
which proved to be repellent on the basis 


Table 2.—Percentage mortality of firebrats 
on baits containing barium carbonate and 
sodium fluoride. 





PERCENTAGE* Deap IN 
COMPOUND AND 


CONCENTRATION ~ . 
, 24 hrs. 48 hrs. 72 hrs..96 hrs 





Barium carbonate 4°; 27 35 75 82 
| _ ~~ 
Sodium fluoride t 27 7 77 89 
Barium carbonate 6°, 27 66 78 89 
Sodium fluoride 6 | 51 66 77 91 
Barium carbonate 7% 24 59 79 93 
Sodium fluoride 7 2 52 71 SS 
Barium carbonate 8°)| 43 75 91 06 
Sodium tluoride 8 | 33 53 71 90 
! 
* Based upon 10 or more subsamples of 10 insects 


of this information are designated by a 
footnote in table 1. 

The mortality from baits containing 
barium carbonate is compared in table 2 
with that from sodium fluoride baits at 4, 
6, 7 and 8 per cent poison concentrations. 

In figure 1 are given the repellent values 
rate of coloring with Scarlet R) for bari- 
um carbonate and sodium fluoride at the 
same 4 concentrations and the same times 
as in table 2. The rate of coloring on stand- 
ard food (without poison) is also shown on 
this graph. 
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The sexes of the insects which died in 
the experiments were recorded and the sex 
ratios were examined for evidence of dif- 
ferential toxic effects of the compounds. 
The chi-square test was used to determine 
whether the observed ratios departed sig- 
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96 
TIME IN HOURS 
Fic. 1.—Rate of feeding on baits containing barium 
carbonate and sodium fluoride; and on unpoisoned 
food. The data are based on the percentage of fire- 
brats which at each observation were not yet colored 
by Scarlet R. Each point on the curves represents 
information derived from at least 10 subsamples 
of 10 insects. 


nificantly from the theoretical 50:50 ra- 
tio. The results are given in the discussion. 

Discussion.—Inspection of table 1 
shows that no compound of high solubil- 
ity in water at 38 degrees C. was markedly 
toxic, and that most of the appreciably 
toxic compounds were of relatively low 
solubility (62 grams of barium per liter or 
less). However, there are several com- 
pounds in the nontoxie group, notably 
barium sulfate and barium chromate, 
which are almost insoluble in water and 
probably insoluble in the digestive tract 
of the firebrat. Barium sulfide was so re- 
pellent that even if it were highly poison- 
ous few of the insects consumed enough to 
obtain a lethal dose. 

With reference to the more active com- 
pounds, the toxicity of barium peroxide is 
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probably associated with the oxidative 
activity as well as the barium content of 
the molecule. The toxicities of barium oxa- 
late and barium fluosilicate are no doubt 
the result in part of the action of the re- 
spective acid radicals; and the higher 
mortality obtained from the latter com- 
pound is in accord with the greater toxic 
action of the hydrofluosilicie acid radical. 
So far as figures are available, barium car- 
bonate is exceeded in insolubility in these 
compounds only by barium sulfate and 
barium chromate. The solubility increases 
considerably in the presence of carbonic 
acid, and the compound is readily decom- 
posed by stronger acids. It seems highly 
probable, therefore, that barium ion ts re- 
leased readily from barium carbonate in 
the digestive tract of the firebrat. But the 
high mortality produced by this com- 
pound probably cannot be attributed en- 
tirely to the barium content, or to the ease 
with which barium ion is released in the 
digestive tract. Relative freedom from re- 
pellent properties is probably a factor of 
importance in its toxicity. 

Only four of the compounds were sig- 
nificantly repellent, barium sulfide, as 
mentioned above, being most active in 
this respect. Barium oxalate bait was 
somewhat repellent up to 48 hours, but 
after that most of the insects fed on this 
bait. Barium fluosilicate and barium fluo- 
ride baits were repellent during the first 
24 hours but not thereafter. 

In this connection it should be stated 
that while Scarlet R will distinguish a 
readily-eaten from an avoided bait, it does 
not afford a quantitative measure of the 
bait consumed by the insects that have 
become definitely colored. Rather marked 
differences may, therefore, have existed 
in consumption of the various baits which 
imparted a definite red color to the insects. 

No significant difference was found be- 
tween the mortality from the barium car- 
bonate and the sodium fluoride baits at 4 
per cent poison concentrations (Table 2). 
At the 6 per cent concentrations, the per- 
formance of the baits was almost identical 
at all time levels except 24 hours. The 
higher mortality of sodium fluoride during 
this time interval was apparently anoma- 
lous. At 8 per cent concentration, signifi- 
cant differences between the two poisons 
were obtained at all time-levels except 96 
hours when the mortalities became almost 
identical. Evidently barium carbonate 
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and sodium fluoride produce the same or 
closely similar mortality when the fire- 
brat is permitted to feed ad libitum on the 
baits. 

The repellent effect of sodium fluoride 
was noticeable at all concentrations. In- 
spection of the curves in figure 1 shows 
that the rate of coloring by Scarlet R of 
the insects that fed on these baits was dis- 
tinctly slower than the rate of coloring on 
the barium carbonate baits. Furthermore, 
the rate of coloring on the latter baits was 
similar to that on the unpoisoned stand- 
ard bait. Apparently, within the range of 
the concentrations used barium carbonate 
has little effect on the rate of feeding while 
sodium fluoride slows up the feeding proe- 
ess. It is of interest to note that Schwartze 

1920) found that the average intake by 

the rat of foods containing barium car- 
bonate was approximately the same as 
that of unpoisoned foods. 

At 96 hours, the mortality from sodium 
fluoride is about the same as that from 
barium carbonate. Yet, it is certain that 
baits containing the former compound are 
eaten less readily. Possibly sodium fluor- 
ide is more toxic to firebrats than barium 
carbonate on a dosage-weight basis; but 
Snipes et al. (1936) have stated that so- 
dium fluoride has a contact action on this 
insect. The results of this investigation 
are concordant with this view, for it was 
noticed repeatedly that some of the in- 
sects died which had eaten mere traces, if 
any, of the poisoned bait. 

The sex ratios of the insects that died in 
any series of tests, when the number was 
large enough, always agreed reasonably 
well with the theoretical 50:50 ratio. For 
example, barium peroxide bait killed 27 
males and 42 females, barium oxalate bait 
29 males and 33 females and barium flu- 
oride bait 36 males and 55 females. Baits 
for which smaller numbers of insects were 
available furnished ratios which indicated 
agreement with theory. A closer agree- 
ment was found in the sexes of the 1,073 in- 
sects that died in the standard sodium 
fluoride baits, 49.6 per cent being males 
and 50.4 per cent females. The conclusion 
from these results is that within the con- 
centration limits the barium compounds 
and sodium fluoride do not exert a pro- 
nounced selective toxic action on the sexes 
of the firebrat. 

PRACTICAL APPLICATIONS. 
its marked toxicity, absence of repellent 


In view of 
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properties, low toxicity to man and do- 
mestic animals and favorable cost, barium 
carbonate is recommended as the toxic in- 
gredient of baits intended for use in dwell- 
ings, libraries, storehouses and. other 
places infested with firebrats. The bait in- 
gredients and their proportions by weight 
are as follows: 


Parts 
Rolled oats, finely yround RG 
Powdered sugar, confectioners 5 
Table salt, powdered 2 
Barium carbonate > 


The ingredients should be thoroughly 
mixed in the dry condition to form a fine 
powder, without lumps. The same pro- 
cedures and cautions observed in the use 
of the sodium fluoride bait (ef. Snipes et 
al. 1936) should be followed in the appli- 
cation of the barium carbonate bait. 

Summary. — Twenty-six barium com- 
pounds were tested for mortality to the 
firebrat. Thermobia domestica, in a food 
mixture at 4 per cent concentrations. The 
insects were allowed to feed ad libitum on 
the baits, observations for mortality being 
made at 24, 48, 72 and 96 hours. Seven- 
teen of the compounds were nontoxic or 
produced mortalities in 96 hours of less 
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than 25 per cent. The compounds of great- 
est solubility in water are in this group. 
Several of the compounds in this group 
whose solubilities in water are low prob- 
ably owe their low toxicity to extreme 
insolubility in the digestive tract of the in- 
sect. Barium sulfide was so repellent that 
little of the bait containing it was eaten. 
Undetected differences in bait consump- 
tion may explain some of the observed dif- 
ferences in mortality. 

The five most toxic compounds are 
placed in three groups on the basis of mor- 
tality in 96 hours: barium fluosilicate and 
barium carbonate followed by barium 
oxalate and then by barium peroxide and 
barium triphosphate. The difference be- 
tween the last two groups may not be 
significant. At concentrations with 4 and 
8 per cent barium carbonate produced ap- 
proximately the same mortality as sodium 
fluoride; and it possessed little if any re- 
pellent effect while sodium fluoride ren- 
dered the bait noticeably repellent. 

No significant sex differences in mortali- 
ty were observed in these experiments. 

A practical bait containing barium car- 
bonate as the toxic ingredient is de- 
scribed.—6-7-40. 
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Calcium Arsenate and Lead Arsenate Sprays with 
Soybean Flour for Codling Moth Control! 


Lewis T. Granam and Cuarves H. Ricnarpson, Jowa State College, Ames 


This is a report on an investigation 
initiated in 1934 to provide information 
on substitutes for lead arsenate in codling 
moth control. Major emphasis has been 
placed on commercial calcium arsenate 
because that arsenical seemed to offer 
considerable promise of effectiveness un- 
der lowa conditions. Its residues con- 
tain no lead and they are easily removed; 
besides the price of calcium arsenate is 
somewhat lower than that of lead arse- 
nate. Soybean flour was brought into the 
investigation as a sticker and spreader in 
1937. This paper describes the results ob- 
tained in the season of 1939. 

Marteriats.—The calcium arsenate was 
a commercial material containing not less 
than 40 per cent arsenic (as As2O;) and 
not more than 0.75 per cent water soluble 
As.O,.* The lead arsenate was guaranteed 
to contain not less than 96 per cent of 
PbHAsO,; and water-soluble As.O; not 
more than 1.0 per cent. The ferrous sulfate 
was commercial FeSO,-7H.O, and the 
soybean flour a widely-used commercial 
brand. The lime contained 97 per cent 
available calcium hydroxide. 

EXPERIMENTAL Desicn.—-The experi- 
ment was made in a part of an 85-acre 
orchard at Mitchellville, lowa during the 
summer of 1939. A randomized block de- 
sign was used consisting of 4 blocks of 4 
single row plots in each block. Since there 
were about 45 trees in each row, with the 
north half planted largely to the Jonathan 
variety, and the south half entirely to the 
Delicious variety, the data from each 
variety were analyzed separately. There 
were 6 count trees selected at random in 
each of the Jonathan and Delicious plots. 
The Jonathan rows contained trees 20 to 
35 years old, and among them were some 
trees of different variety and size which 
caused this group to be heterogeneous. 
The Delicious trees were 23 years old and 
were fairly uniform with respect to size 
and crop. 

‘ Journal Paper No. J-756 of the lowa Agricultural Experi- 
ment Station, Ames, lowa. Project No. 389. 

? This product was the ordinary calcium arsenate without 
added “safening” or “buffering” materials. It was not subjected 
during manufacture to special heat treatment nor to other 


special procedures in order to render it “safe” on foliage. The 
water-soluble Asx. was determined by the A.O.A.C. method. 


The entire orchard was treated alike up 
to and including the calyx spray which 
consisted of lead arsenate 3 pounds and 
hydrated lime 5 pounds in 100 gallons of 
water. After that time, the following 4 
treatments were applied to the experi- 
mental blocks: (1) calcium arsenate 3 
pounds, ferrous sulfate 1 pound, soybean 
flour 12 ounces, hydrated lime 3 pounds, 
water 100 gallons; (2) lead arsenate 3 
pounds, hydrated lime 3 pounds, water 
100 gallons; (3) calcium arsenate 3 pounds, 
ferrous sulfate 1 pound, hydrated lime 3 
pounds, water 100 gallons; (4) lead ar- 
senate 3 pounds, soybean flour 12 ounces, 
hydrated lime 3 pounds, water 100 gal- 
lons. Fungicides were common to all 
treatments, and consisted either of dilute 
lime-sulfur or of dilute Bordeaux mixture. 
Four first brood cover sprays (up to July 
Ist), and 2 second brood cover sprays were 
applied to each plot, all sprays being 
timed by means of bait traps. 

The apples on the count trees were ex- 
amined three times during the season for 
codling moth injury. The first examina- 
tion took place on June 30 at the end of 
the first brood; the second count on Aug- 
ust 4, and the last count was completed on 
September 19 just before harvest. In the 
first two counts the apples were examined 
without removing them from the trees. 
Two hundred apples were inspected from 
each count tree, fruit from all sides and 
within the tree being included in the sam- 
ple. At the preharvest examination, forty 
apples from each sample were cut open to 
determine the intensity of worm attack. 

CrITERION OF Errect.—The criterion 
of codling moth injury used in this inves- 
tigation was the number of apples dam- 
aged by the codling moth (stung and/or 
wormy fruit) per 100 apples. 

In a separate investigation, to be re- 
ported elsewhere, it was found that an- 
other criterion, worms per 100 apples, 
gave a more sensitive test of the prehar- 
vest data but did not change the conclu- 
sions. 

Resutts.—The results are indicated in 
figure 1 and table 1, and the statistical 
analyses of the data from examination on 
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September 19 are presented in table 2. 
The observed differences with respect to 
treatment in the data obtained earlier 
(on June 30 and August 4) were not sig- 
nificant and the analysis is not given in 
this paper. By statistical analysis of the 
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found calcium arsenate effective in light 
and moderate infestations but ineffective 
in severe infestations; and Cutright re- 
ported that calcium arsenate was 80 to 90 
per cent as efficient as lead arsenate. 

In an attempt to find a substitute for 
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Rate of infestation of applies in experimental plots by the codling moth. Each point 


on the graphs is a mean based on 24 subsamples of 200 apples. 


data of September 19, a significant differ- 
ence is shown between treatments; and by 
comparison on the basis of single degrees 
of freedom, it is found that the variation 
arises from a difference in the insecticidal 
effectiveness of lead arsenate and calcium 
arsenate. The presence or absence of soy- 
bean flour did not appear to affect the tox- 
ic action of these sprays. 
Discussion.—Since 1933, a considera- 
ble number of field investigations of com- 
mercial calcium arsenate for codling moth 
control have been reported. Studies made 
in New York (Chapman ef a/. 1934), and 
New Jersey (Driggers 1937) emphasize 
the greater efficiency of lead arsenate as 
compared with calcium arsenate. On the 
other hand, the investigations of Garman 
(1933) in Connecticut, of Marshall (1935) 
and Marshall & Groves (1936) in Wash- 
ington, of Sherman (1936) in Michigan, 
Vinson (1936) in Missouri and of Cutright 
(1938) in Ohio have, in general, placed 
calcium arsenate in a somewhat more fa- 
vorable position relative to lead arsenate. 
For example, Marshall & Groves state 
that calcium arsenate compares favorably 
with lead arsenate but that maintenance 
of a suitable spray deposit is more difficult 
with the former compound. Sherman 


lead arsenate suitable under Iowa condi- 
tions experiments were begun with calci- 
um arsenate in 1934 at Mitchellville. The 
results of this investigation obtained from 
a latin-square experimental design, failed 
to show a significant difference between 

Table 1.—Comparison of lead arsenate and 


calcium arsenate for controlling the Codling 
Moth. 





PERCENTAGE OF Dam- 
AGED FRUIT ON: 


TREATMENT June 30) Aug. 4 |Sept. 19 


Delicious 


Lead arsenate+ Lime 3.5 6.7 15.9 
Lead arsenate+ Lime 

+Soybean Flour +.0 6.2 15.0 
Calcium arsenate 

+Safener 1.7 8.8 21.7 


Calcium arsenate 
+Safener+ Soybean 
Flour +.4 8.0 $1.1 


Jonathan 


Lead arsenate+ Lime 3.3 6.6 23 .2 
Lead arsenate+ Lime 
+Soybean Flour 2.8 5.6 17.6 


Calcium arsenate 
+Safener 3.9 14.5 32.1 
Calcium arsenate 
+Safener+Soybean 
Flour 5.8 13.2 $2.5 


~ 
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the performance of calcium arsenate and 
that of lead arsenate (Hansberry & Rich- 
ardson 1935). All the calcium arsenate 
sprays were buffered with ferrous sulfate. 
No clear indications of foliage or fruit in- 
jury were observed during this and subse- 
quent seasons. In 1935, however, tests at 
Mitchellville and Des Moines gave less 
favorable results on codling moth for the 
calcium arsenate-ferrous sulfate mixture, 
but the design of the experiments was less 
efficient. In 1936 the calcium arsenate 
mixture was tested by growers in five or- 
chards (Hansberry & Richardson 1936). 

The codling moth infestation that year 
was light and the tests were not designed 
to give critical information. Nevertheless, 
except in one orchard, the calcium arse- 
nate mixture gave a control about equal to 
that of lead arsenate. In 1937 experiments 
were made in two orchards (Richardson & 
Gunderson 1937); a severe hailstorm in 
July destroyed the fruit at Mitchellville 
but by the middle of that month no differ- 
ence was observed between the efficiency 
of the calcium arsenate mixture and lead 
arsenate. In the other orchard, the per- 
centage of wormy fruit at harvest was less 
than 10 in all plots and there were no sig- 
nificant differences. In 1938 the calcium 
arsenate mixture was again compared 
with lead arsenate in a small experiment 
at Mitchellville (Richardson & Gunder- 
son 1938). At the end of the first brood 
(July 6), there was no difference between 
these treatments although the level of in- 
festation was about 45 per cent wormy 
fruit. Subsequent examinations up to har- 
vest showed a superior control for lead 
arsenate. The infestation during the sea- 
son was one of the heaviest observed in 
this orchard. 

The experiments performed in 1939 in- 
dicate clearly that while a difference ex- 
isted between calcium arsenate and lead 
arsenate on each of the 3 dates of exami- 
nation, this difference did not become sig- 
nificant until some time after August 4, 
which was well within the second brood 
infestation. This result supports the in- 
formation gained from previous years in 
showing that calcium arsenate may gen- 
erally be relied upon to control the first 
brood codling moth in lowa. For heavy 
first brood infestations and for moderate 
to heavy second brood infestations lead 
arsenate is somewhat more reliable than 
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the calcium arsenate-ferrous sulfate mix- 
ture. 

Soybean flour has been used as an ad- 
hesive and spreader for codling moth 
sprays by Harman (1937), Farrar & Flint 
(1938), Lamerson & Parker (1939) and 
others; and the investigators cited have 
used from 4 pounds to 4 ounces of this 
material per 100 gallons of arsenical spray. 
Of these investigators, apparently only 
Lamerson and Parker have reported di- 
rect comparisons of sprays with and with 
out soybean flour for codling moth control. 
They used the rather high concentration 
of 4 pounds of soybean flour per 100 gal- 
lons of spray, and reported for these sprays 
considerably better control of codling 
moth than for the arsenical sprays with- 
out soybean flour. 

A number of growers in lowa have been 
using soybean flour for several years in 
codling moth sprays. The concentration 
commonly used has been 12 ounces per 
100 gallons of spray; and accordingly this 
proportion was adopted for investigation. 
Work upon soybean flour was first under- 
taken by the Iowa Agricultural Experi- 
ment Station in 1937; in 1938 further tests 
of soybean flour were made but no sig- 
nificant difference was obtained in the 
performance of lead arsenate sprays with 
and without 12 ounces per 100 gallons 
(Richardson & Gunderson 1938). The re- 
sults of the 1939 tests derived from a con- 
siderably more critical experimental de- 
sign, indicate that 12 ounces of soybean 
flour contributed nothing to the efficacy of 
either lead arsenate or of the calcium ar- 
senate mixture for codling moth control. 

In table 2, Jonathan plots, a highly sig- 
nificant difference was found in the exper- 
imental error (block-treatment interac- 
tion) which measures the failure of the 
treatments to give consistent results in 
each block. This difference is believed to 
have arisen from differences in variety 
and size of the trees in these blocks. 

The time-course of infestation in both 
plots during 1939 (Fig. 1) formed a geo- 
metric progression. When the means of 
the data from all treatments are plotted 
on a semi-logarithmic graph, they are fit- 
ted closely by straight lines. Although 
there was less than 5 per cent of damaged 
fruit at the end of the first brood period, 
nevertheless two cover sprays in the sec- 
ond brood period did not prevent the 
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doubling of the degree of infestation by The rate of increase of infestation by 


harvest.* the codling moth in the experimental plots 


Summary. In lowa, ordinary com- Teh! : : , 

ecial calcium arsenate sprays with fer- able 2.—Analysis of variance of Codling 
SS ir —— : at “a Moth injury to apple samples taken on Septem- 
rous sulfate “safener” control the first ber 19. 


brood codling moth about as well as lead 








arsenate sprays. For heavy first brood in- a MEAN SQUARE 
festations and for moderate or heavy sec- SOURCE OF OF 
ond brood infestations lead arsenate is VARIANCE Freepom Delicious Jonathan 
more reliable than the calcium arsenate- ‘Treatments $ 1,155.57* 4,936.29" 
ferrous sulfate mixture. Lead arecuate vs. 
Calcium arsenate sprays safened with calcium arsenate 3,408.17¢ 13,277.51F 
ferrous sulfate do not injure apple foliage — 5e¥bean flour vs ne ams 
i ate eunidal ‘ no soybean flour l 57.04 720.51 
under owa Conditions. Block 3 147.24 8.791.29t 
Soybean flour added to calcium arse- Experimental 
nate or to lead arsenate sprays in the pro- Error 9 194.95 941. 48t 
° . . : yK "7h 99 
portion of 12 ounces per 100 gallons of Sampling Error 80 176.09 188.22 
spray neither increases nor lessens the 
MHoiencv . » arecenic: Pore ing * Significant difference (P =0.05 
efficiency of the arsenical for codling moth ee oa 


control. 
as based on the percentage of injured ap- 
* The writers wish to acknowledge the interest and assistance ples follows a geometric progression.—6- 
Mr. Robert M. Clark in whose orchard the experiments were 20-40 
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Trapping Honeybee-Gathered Pollen and Factors 


Affecting Yields.’ 


Frank E. Topp, 
and Roy K. Bisnop, Office of 
The seale hive has long been used to ob- 
tain data on incoming nectar and honey 
production, but no method of measuring 
pollen income appears to have been worked 
out. Pollen is known to be essential to 
brood rearing, and information as to the 
quantity of incoming pollen would aid in 
determining management programs. 

The relation of pollen income and re- 
serves to the growth and reproduction of 
colonies has been studied by various in- 
vestigators. Parker (1926) has noted that 
brood rearing is normally limited to that 
portion of the year when pollen is availa- 
ble in the field. Nolan (1925) has found 
that either incoming pollen or nectar 
stimulates brood rearing. Farrar (1936) 
has shown that an abundant fall pollen 
reserve promotes brood rearing during the 
winter and results in very populous early- 
spring colonies. 

Alphonsus (1933) determined that on 
an average 144.9 milligrams of pollen was 
used in the production of one bee. Haydak 
(1935) found that 3.21 milligrams of nitro- 
gen was used in the production of one bee. 
The nitrogen content of pollen varies 
widely, but the average value for pollens 
so far analyzed is 3.2 per cent. On this ba- 
sis 100 milligrams of pollen would be re- 
quired in the production of one bee. Nolan 
(1923) found that a very strong colony 
reared 202,830 bees in 1921 and 213,076 
bees in 1922, or an average of about 208,- 
000 bees per season. The pollen require- 
ments for this number of bees would be 
30.1 kilograms according to Alfonsus’ es- 
timate, and 20.8 kilograms on the basis of 
Haydak’s figures. The quantity of pollen 
was used for purposes other than brood 
rearing is unknown. Weippl (1928) esti- 
mated the yearly pollen consumption of a 
strong colony at about 40 kilograms. 
These estimates indicate that large quan- 
tities of pollen are required to maintain a 
colony, but data appear to be lacking on 
the distribution of the pollen income dur- 
ing the year. 

PoLLeEN TRAPS 


1A contribution from the Bureau of Entomology 
Quarantine, United States Department of Agriculture, 
operation with the University of California 


During the past year 
and Plant 
in co- 


S. Department of Agriculture, Bureau of Entomology and Plant Quarantine, 
Agricultural Commissioner, Orange County, California 


the seasonal distribution of the pollen in- 
come and the factors affecting this income 
were studied with the aid of pollen traps 
in four locations in California. This trap 
was a modification of one developed at the 
Intermountain Bee Culture Laboratory 
of the Bureau of Entomology and Plant 
Quarantine by Eckert (unpublished) to 
determine the plants on which bees were 
working, and later improved by Farrar 
(1934) to collect pollen for feeding. Their 
traps consisted of two parallel strips of 
metal, each having two rows of three- 
sixteenth-inch holes, mounted 2 inches 
apart. The trap was placed at the hive 
entrance so that an entering bee must pass 
through two holes, when the pollen load 
would be scraped from its legs and fall into 
a tray below. This trap retarded bee 
flight, and not enough ventilation was pro- 
vided for use in a warm climate. The traps 
used by the writers in the pollen-income 
studies were of 5-mesh hardware cloth in- 
stead of sheet metal, and the strips were 
placed five-eighths inch apart so that the 
holes in the front strip were opposite the 
cross wire in the rear strip, to force the 
bees to make a turn in passing through. 
Such a trap provides sufficient ventilation, 
does not retard bee flight greatly, and re- 
moves the pellets efficiently. 

EXPERIMENTAL PrRocrepURE.—-Traps 
were maintained in four beekeeping areas 
in California. One was located in the 
southern California lowlands at Orange, 
from February 1, 1938, to January 31, 
1939; another was in the southern Califor- 
nia mountains, in the Black Star Canyon, 
during the active season of 1938; a third 
was in the Sacramento Valley at Davis 
from June 16, 1938, to June 15, 1939; and 
the fourth was in the Sierra Nevada at 
Paynes Creek (3,000 feet) and Mineral 
(6,000 feet) from May 1 to October 15, 
1938. The colony in this case was in the 
Sacramento Valley prior to May 1 and 
after October 15. The season opens in the 
latter area during early April; the record is 
therefore incomplete, lacking the month 
of April. 


The pollen was for the most part col- 
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lected and weighed daily. At the same 
time records were made of weather condi- 
tions and other pertinent factors. Since 
the exposure to air in the trap during the 
day tended to dry the pollen, the weights 
given may be considered as on an air-dry 
basis; but owing to the variability of air 
humidity, some error is introduced by this 
method of handling. 

The trap colony requires special atten- 
tion, for it must also have pollen for main- 
tenance. If no provision is made for pollen, 
brood rearing is curtailed and the colony 
becomes weakened or attempts superse- 
dure. Small loads and bits of pollen not re- 
moved by the trap help colony mainte- 
nance, but this is insufficient 2: maintain 
colony strength. Combs containing pollen 
can be added to the colony at intervals, or 
the trap can be shifted from one colony to 
another. 

ReviaBinity or Data.—The pollen col- 
ected in the traps does not represent the 
entire amount gathered by the colony, but 
it does comprise a substantial part of the 
harvest. Very small loads are not removed 
by the trap, and bits of pollen may remain 
on a bee after it has passed through the 
trap. On certain blossoms bees become 
coated with pollen, and this pollen is 
not brushed off or packed in the corbicu- 
lae, but the bees enter the hive and are 
cleaned up before returning to the field. 
Some nectars contain a considerable num- 
ber of pollen grains. In the honey stomach 
much of this pollen is removed through 
the action of the proventriculus (Whit- 
comb & Wilson, 1929). Effort was made to 
keep traps only on relatively strong colo- 
nies, but it was usually impractical to 
keep a trap on the same colony through- 
out the year. 

PoLLEN YrELps.—The quantities of in- 
coming pollen during semimonthly _peri- 
ods throughout the year, in four localities, 
are shown in table 1. These data reduced 
to the average number of grams per day 
are presented graphically in figure 1. 

Each area appears to have a distinct 
pollen curve. Where traps have been 
maintained for two years in the same lo- 
cality, the season trends have been simi- 
lar, with slight variations due to weather 
conditions and fluctuations in blooming of 
flora valuable as pollen sources. 

In the southern California lowlands pol- 
len came in throughout the year, but 
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Table 1.—Pollen yields during semimonthly 
periods in traps maintained in four beekeeping 
areas in California, 1938-39. 





Grams or PoLiten TAKEN 








j 
Southern 
California 
- | Sacra- 
low- | moun- | mento | Sierra 
Preriop* lands tains | Valley | Nevadat 
January 
1-15 93 _- 0 
16-31 139 — Trace 
February 
1-15... 79 | 32 
16-28 112 291 735 
March 
1-15 425} 270] 1,630 
16-31 243 389 | 2,889 
| 
April 
1-15 71| 700] 2,957 
16-30 180 | 1,181 2,168 
May 
1-15 743 | 575 984 2 354 
16-31 1,181 | 753 582 627 
| 
June 
1-15 1,048 2.0385 165 1,075 
16-30 980 | 2,518 316 744 
July 
1-15. 1,615 | 2,585 | 570 | 1,074 
16-31 2,493 | 1,486 | 1,293 | 832 
\ugust 
1-15 1,780 300} 845 | 312 
16-31 1,388 | 122 832 | 348 
| 
September | | 
1-15 624 | 125} 804) 295 
16-30 963 | 129 | 523 | 198 
| | 
October 
1-15 $45 90 $45 218 
16-31 201 59 | 218 | - 
| 
November 
1-15 229 T| 65 
16-30 134 0 0 
December 
1-15 875 0 0 
16-31 . 0 0 
Total 15,540 | 13,640 | 17,984 8,077 





* All figures for January and the Sacramento Valley figures up 
to June 15 are for 1939; all others are for 1938. 

+t This colony was in Sacramento Valley before May 1 and 
after October 15, 1938. 


mostly between May and September. 
From December to February the source 
was mainly eucalyptus. The yield late in 
December was curtailed by a long rainy 
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spell. Mustard was the chief source from 
February to April, but the plowing under 
of this cover crop late in March curtailed 
the supply. Pollen from sources other than 
orange was meagre during the orange 
bloom in April, but olive and walnut be- 
came available in May. Miscellaneous, as 
yet undetermined, sources furnished pol- 
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Fic. 1.—Average number of grams of pollen trapped 
per day during semimonthly periods 


len during the remainder of the year. Nor- 
mally there is no cessation of brood rear- 
ing in this area. 

The trap in the southern California 
mountains was located but 10 miles from 
the lowlands. The chief difference between 
the two areas was in the type of vegeta- 
tion, rather than in temperature or other 
weather factors, although there was a lit- 
tle less fog in the mountains. The chart 
shows a pollenless period of some 90 days 
in the winter, when there was also a cessa- 
tion of brood rearing. In contrast to the 
lowlands, this section had a greater pollen 
income in April than after August 1. 

In the Sacramento Valley there were 
two distinct peaks of pollen income. The 
first rise, between February and May, was 
in rhythm with the blooming of deciduous 
fruits and the second rise with the bloom- 
ing of the star thistle. During the low in 
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the pollen cycle occurring late in May and 
in June, there was a comparative dearth of 
blossoms and brood rearing was greatly 
curtailed. Little pollen came in during a 
75-day winter period, and there was an ae- 
companying cessation of brood-rearing. 

The Sierra Nevada record is incomplete 
because the trap was located in a commer- 
cial apiary that was moved in from the 
Sacramento Valley the first of May. The 
colonies reached the mountain location 
(3,000 feet) at the peak of spring pollen 
income. The season at this elevation opens 
early in April. The small quantity late in 
May was due to declining sources and bad 
weather, while the rise in June accompa- 
nied a second move to a higher elevation 
(6,000 feet), where springlike conditions 
were again encountered. There was then a 
gradual decline until the first of August, 
followed by moderate pollen income to the 
middle of October. Although killing frosts 
occurred late in September, pollen con- 
tinued to come in until the weather was 
too cool for bee activity. 

Factors ArrectinG PoLLEN YLELDs. 
Seasonal trends in the pollen cycle are in 
rhythm with the flowering of the main 
pollen sources of a locality. Peaks in the 
pollen cycle do not occur during peaks of 
colony population, but they are correlated 
with the blooming of good pollen sources. 
Low periods in the cycle occur during the 
winter dearth and other periods during 
the year when bloom in the field is meagre. 
Not all plants are of equal value as pollen 
sources. Certain excellent nectar plants 
orange, alfalfa, vetch, lima bean, and fire- 
weed—are of little or no value as pollen 
sources, and during the flowering periods 
of such plants pollen income declines ex- 
cept where other sources are available. On 
the other hand, some good nectar sources 

sweetclover, star thistle, and sages 
are also good pollen sources, during the 
blooming of which pollen income increases 
as indicated by the July September pe- 
riod in the Sacramento Valley record. 

Wide daily fluctuations in pollen yields 
also occur, which are due to the influence 
of weather factors on bee activity as well 
as on vegetation. Atmospheric conditions 
affect the dehiscence of anthers. The 
working day of the bees may be cut short 
by cold, rain, or cloudiness. The work of 
Lundie (1925) and Hambleton (1925) 
shows that bees do not fly freely at tem- 
degrees F., during 


peratures below 50 
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rains, or under cloudy conditions. The in- 
fluence of weather factors on pollen yields 
may be illustrated by a 12-day pe ‘riod dur- 
ing deciduous fruit bloom having some 
favorable days interspersed with others 
having unfavorable conditions of wind, 
rain, low temperature, and cloudiness (Ta- 
ble 2). On the one clear, warm, windless 
day (March 1) 310 grams of pollen was 
trapped. High yields were obtained on each 
day these conditions were approached. 
On days when there was a strong wind 
(Feb. 28) or the weather was cool and 
cloudy (March 6) or rainy (March 8 and 
9) pollen yields were curtailed. 


Table 2.—Relation of weather factors to pollen 
income in trap at Davis, Calif., 1939. 





Temeer- Possiate 

ATURE SUN RAINFALI 

Maxi SHINE, WIND Dertinc Potien 

MIM Per Duntn Day INcomt 
Dare I CENT Day INCHES GRAMS 

February 
27 62 8S Moderate 0 267 
2s 61 ve Strong 0 70 
March 
1 6s 100 Drift 0 10 
’ 60 57 Light 0 170 
ah) 77 Mode 
to strong Trace 97 

‘ 9 100 Drift 0 197 
5 oo " Light 0 108 
6 6 2 Light 0.11 17 
7 56 +2 Drift 0.05 14 
s 0 0 Moderat« 0.938 0 
9 9 ’ Moderate 0.54 0 
10 58 57 Moderate 0 59 





Pollen yields may also be influenced by 
the internal conditions of a colony. Colo- 
nies in the same location but differing in 
bee force may bring in different amounts 
of pollen on the same day, as shown by 
data from two colonies in table 3. During 
the 10-day period the trend in pollen in- 
come was similar, but the vield of colony 
A was about one-third that of colony B. 
Colony A not only had a smaller field force, 
but the pollen income was more affected 
by adverse weather conditions, as indi- 
cated by the low pollen yields on overcast 
days with maximum temperatures of 62 
and 67 degrees. Strong colonies have been 
observed to fly at lower temperatures than 
do weak colonies. 

It is probable that demand for 
food and room for pollen storage may in- 
fluence pollen-gathering activity. In fruit 
orchards, colonies with brood have been 


bre od 


found to bring into the hive about twice 
as much pollen as package-bee colonies of 
equal bee force but without brood to feed. 
Pollen samples from colonies side 


by side 
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may come from predominantly different 
sources, and colonies starved for pollen 
appear to be stimulated to maximum pol- 
len-gathering activity when placed near 
supplies. During periods of pollen scarcity 
bees are reported to seek substitutes, such 
as bran, sawdust, and coal dust, which are 
of no known value for brood rearing. 


Table 3.—Amounts of pollen trapped from two 
colonies of different strength, Orange, Calif., 
April 20-30, 1939. 





PoiueNn Income, 


GRAMS 
Temper - — 
ATURE WEATHER Colony Colony 
Date ‘ CONDITIONS \* Bt 
April 

20 51-78 Clear, low fog to 9 a.m 34 112 
21 51-78 Clear, low fog to 11 a.m 43 68 
22 53-62 Overcast s 71 
23 49-67 Overcast all day, light 

showers 9 130 
24 $4 69 Partly cloudy 10 a.m 

to 1 p.m 52 90 
25 $5 68 Partly cloudy all day 40 142 
26 47-72 Clear in afternoon 68 184 
27 48-75 Bright 97 217 
28 52-77 Overcast to 10 a.m 78 205 
29 56-73 Overcast, low fog to 

1 p.m 45 171 
1 50-76 Clear, low fog to 10 a.m. 42 186 
lotal 516 1,576 





* Colony strength on April 30: Bee force 28,000, sealed brood 
i874 cells 
Colony strength on April 30: Bee force 36,000, 


5,668 cells 


sealed brood 


SummMary.—A study has been made of 
the seasonal distribution of pollen brought 
into the hive by honeybees. Pollen traps 
were prepared by placing two parallel 
strips of hardware cloth over the hive en- 
trance in such a way as to permit the 
ready passage of field bees but to relieve 
them of their pollen loads. 

Pollen trapped in four localities in Cali- 
fornia was weighed daily, and the average 
number of grams per day was calculated 
for semimonthly periods throughout the 
year. These data indicated the pollen 
cycles for the localities, which were found 
to be different for each locality and to 
have trends not unlike the brood-rearing 
cycles. The full year’s trappings ranged 
from about 13.5 to 18 kilograms per col- 
ony for the various areas. 

Pollen yields were found be influ- 
enced by weather factors and by colony 
strength. Seasonal trends were in rhythm 
with the flowering of good sources. Peaks 
in the cycles occurred, not during popula- 
tion peaks, but during the blooming of 
good sources, while lows occurred during 
dearth of blossoms.—-7-31-—40. 
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Relative Humidity and Nectar Concentration in Fireweed*! 


H. A. Scuuuen, Oregon State College, Corvallis 


INtropucTION.—The influence of nec- 
tar concentration on the behavior of field 
bees has been studied extensively by Geo. 


Table 1.—Fireweed Nectar Concentration at 
Certain Relative Humidities—1937.* 














H. Vansell, Associate Apiculturist, U. 5. Re. ase iia Sone 
Department of Agriculture, and to a more Humip- No. Concex- Humiv- No. Concen- 
limited extent by the author throughout ity Bees tration, ry Bees tration 
Oregon. Through these studies it has been =~), . ene = . 
clearly established that bees show a de- 30 11 68.6 52.5 5 «420 
cided preference for the more concentrated 31 $8 65.5 53 5 47.8 
nectars when working in the field. 33.5 10 65.6 55 1 46.6 
A wide variation in the nectar concen- os . ~ a S|) oe - “- 
tration of some species of honey plants has 4 5 04 7 5493 
been observed. The studies reported on in 38.5 2 61.8 58.5 2 43.4 
this paper were carried on to determine 39 5 (62.4 9.5 5 483.6 
the possible correlation between certain . 14 a : a - Z : 
atmospheric conditions and nectar con- 0.5 10 «64.5 62 9 43 
centration. All concentration records were +1 5 57.0 63 10 18.3 
determined with the standard Abbe re- He 5 59.9 64 31.0 
3 9 58.0 65 33 38.3 
fractometer. ri . ae ae 5 986 
Resuts or FirEWEED STUDIES IN THE 15 0 58.6 66 14 =: 33.9 
Fietp.—These studies include nectar con- 46 1 §=50.8 70 10 §= 36.5 
centration records secured from the con- 7 45.5 70.5 8 «636.5 
tent of the honey stomach taken from bees ~ : - - - id 4 a 
working on the flowers of fireweed. This ‘ea 5 6422 74 5 $5.1 
method was necessary in view of the fact 50 9 50.0 75 5 = $2.2 
that it is impossible to collect sufficient 51 - “ ; = 9 os 5 
nectar with a pipette from the blossom of 1.6 ” oe ee 
fireweed to make a determination. A total we 


of 470 determinations were made from 
bees working on fireweed during the sum- 
mer of 1937, largely in the month of July. 
Most of the records were secured near the 
village of Pittsburg in Columbia county at 


* Chamaeneron angustifoliu ml Epilobiu m angustifolium I 


' Published as Technical Paper No. 340 with the approval of 
the Director, Oregon Agricultural Experiment Station. Contri 
bution of the Department of Entomology. 


Degree of Freedom—48 

Sample value of “r”’ 0.3 

Standard deviation of relative humidity (Sy 13.7 

Standard deviation of nectar concentration (Sx il.9 

+ two standard deviations (10.6) includes 95 per cent of the 
cases which would normally occur 

Average relative humidity (¥ 52.7 


Average nectar concentration xX 47.9 


? The author is indebted to Robert G. Rosenstiel, Department 
of Entomology for compiling the above 
statistics. 


Oregon State College, 
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an elevation of 1,000 feet. Extensive rec- 
ords were also secured at the Bedford 
Point lookout station east of Estacada in 
Clackamas county (elevation 2,500 feet), 
at the Joe Marty ranch east of Silverton 
(elevation 2,600 feet), and at the divide on 
1,600 


Wilson River highway (elevation 


$5 
50 
45 


49 





5s LOWER 47.5 % LIMIT OF 


WORMAL DISTRIBUTION — ~—+————-+-)}—-+->}- 


30 
25 


20 
20 25 30 35 40 45 80 55 


Fic. 1 


feet). A limited number of observations 
were made at various other points in Tilla- 
mook, Clatsop, Columbia and Washing- 
ton counties. 

These observations were made during a 
time when the weather was generally 
clear. In the early morning the vegetation 
was wet with dew and the relative humid- 
ity was high. As the day advanced the hu- 
midity dropped rapidly, reaching a mini- 
mum in the early afternoon. As a rule 
these fireweed concentration records were 


Corton States BRANCH CONVENTION 
Dates CHANGED 

The dates of the 1941 convention of the Cotton 
States Branch have been changed to February 6, 7, 
and 8, 1941. The meetings will be held in Waco, 
lexas, in conjunction with the annual meetings of 
the Texas Entomological Society. The Raleigh 
Hotel has been selected for convention headquarters 

Joun T. Cretauton, Secretary—Treasurer 
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taken each half hour during most of the 
day. Humidity, temperature and evapora- 
tion records were secured likewise each 
half hour immediately preceding the tak- 
ing of the concentration records. 

The blossom of fireweed is of such a na- 
ture that the nectar glands are freely ex- 
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Nectar concentration of Oregon fireweed in relation to the relative humidity. 


posed to atmospheric conditions, and for 
that reason its nectar concentration would 
be expected to vary more with evapora- 
tion tension than would be the case for 
plants having the nectar glands in a more 
protected blossom structure. 

The readings from which figure 1 is se- 
cured are given in table 1. 

The above data clearly shows that the 
relation of relative humidity to nectar 
concentration in fireweed is highly sig- 
nificant in a negative manner.—7-15-40. 


CORRECTION 


Mr. Philip C. Johnson requests that readers of the 
JouRNAL make the following change in the text of 
his article published in the October number: 

Page 774, column 2, paragraph 5; the second sen- 
tence should read “In general this amounted to 12 
per cent in those trees salvaged the same year they 
were attacked and 40 per cent in trees salvaged one 


year following attack 








The Toxicity of Tartar Emetic to the Honeybee! 


J. E. Eckert, Daris, California 


The beekeeping industry has been con- 
fronted for many years with ever increas- 
ing losses and with even the extermination 
of colonies in many areas as a result of the 
chemical warfare waged against insects. 
Scientific and trade literature contains 
many references showing that bees have 
been poisoned by the application of nu- 
merous materials in dust or liquid form, 
and when spread as poisoned baits. To re- 
view this literature would fill countless 
pages with examples of such losses to an 
industry that is primarily beneficial to 
agriculture through the work of the honey- 
bee as an agent in the pollination of our 
food crops. Such a review could be justi- 
fied only for the purpose of more forcefully 
bringing to the attention of all insect 
fighters that the welfare of beneficial in- 
should be given consideration in 
every insect control program along with 
the primary purpose of destroying the de- 
structive forms. In most cases the time of 
application of poisons.in relation to the 
blooming period is the deciding factor in 
determining the amount of injury that 
may be done to the pollinating insects. 
When poisons are applied to plants in 
bloom, great may occur 
whereas the danger is generally reduced to 
the vanishing point when the applications 
of poisons affecting the honeybee are ap- 
plied before or after the blooming period. 

The honeybee is exposed to poisons 
through its need of collecting nectar and 
pollen for the maintenance of its colony. 
Poisons that fall into the nectar, whether 
in the liquid or solid form, are ingested 
and generally kill the workers before they 
can return to the hive. This results in a 
great reduction, or in the entire elimina- 
tion of the field force gathering nectar. 
The pollen gatherers, however, can store 
poisoned pollen in their pollen baskets and 
transfer the poisoned pellets to their comb 
without being affected. This stored pollen 
then acts as a source of death to the house 
bees when they elaborate the pollen into 
brood food for the developing young. 
Again, field bees may be poisoned by the 
fumigating action of several dusts that 


sects 


ke SSES of bees 
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adhere to the body hairs as they work 
among poison dust-covered blossoms. An- 
other source of injury to bees is through 
the poisoning of their water supply by the 
scattering of poisoned bait and their suck- 
ing up of dew formed on poisoned plants. 
Poisoned baits in themselves are generally 
not attractive to the honeybee but if such 
baits (which generally contain some form 
of arsenic) fall in pools of water from 
which bees secure their water supply, the 
result is just as disastrous to the colony. A 
still more common source of injury to bees 
is the falling or drifting of poisons applied 
either on cover crops in bloom or blossom- 
ing plants in the vicinity of the crop 
treated (Eckert & Allinger, 1935). 

The beekeeper is probably more cog- 
nizant of these facts than is the grower, 
the commercial pest control operator, or 
the research worker in the field of insect 
control. For this reason, the beekeeper 
considers every new insecticide or the 
promulgation of any new insect control 
program a possible source of danger to his 
livelihood until research or experience 
proves otherwise. This was the case this 
vear in California when tartar emetic ina 
sugar solution was recommended for the 
control of the citrus thrips, Scirtothrips 
citri (Moult.). 

Tartar Emetic Barrs. Tartar emetic 
antimony potassium tartrate) has been 
used for a number of years in various 
forms of ant poisons but its use as a speci- 
fic poison for certain forms of thrips is 
only of recent development. Richardson 
(1934) was among the first to determine 
that tartar emetic at 1 to 400 with 3 per 
cent molasses solution was very toxic to 
adult gladiolus thrips. Nelson (1938) and 
Bailey (1938) experimented with this poi- 
son in the control of the same thrips in 
1937. Persing et al. (1940) carried on ex- 
tensive field tests with the use of tartar 
emetic in a sugar solution in 1937, 1938, 
1939 and 1940 in the control of the citrus 
thrips and found it more effective than all 
other control measures. Woglum (1940) 
first recommended its use to the members 
of the California Fruit Growers Exchange 
in April 1940. 

For the control of the citrus thrips, the 


872 


























December 1940 


recommendation was for the use of 1 to 14 
pounds of tartar emetic, 2 pounds of gran- 
ulated sugar to 100 gallons of water, ap- 
plied as a mist spray, using from 3 to 4 gal- 
lons of material to the average size tree at 
petal shedding time. Experimental data 
indicated that neither an increase in the 
amount of tartar emetic nor in the sugar 
had any significant difference in the effec- 
tiveness of the spray over a period of 40 
to 65 days. The results on the test plots 
were so striking in 1937, 1938 and 1939 
(Boyce & Persing 1939) on both lemons 
and oranges that the citrus growers ac- 
cepted the recommendation without any 
reservations and made preparation to 
spray several thousand acres of oranges, 
lemons and grapefruit during the 1940 
season. Tartar emetic was also applied as 
a liquid spray to some deciduous fruit 
trees and in dust form to onions, pears, 
beans and citrus on an experimental scale 
by Bailey and others. 

Some growers apparently reasoned that 
if 1 or 13 pounds of tartar emetic gave 
good control, 2, 4 or more pounds would 
be better and increased the sugar content 
in proportion to the amount of poison 
added. Occasional commercial operators 
adapted their equipment to apply a con- 
centrated solution, using 30 pounds of 
tartar emetic, 60 pounds of sugar to 200 
gallons of water, in the form of an atom- 
ized spray, applying only about 10 gallons 
of the material per acre. Many acres of 
citrus were sprayed during full bloom or 
earlier than experimental evidence indi- 
cated would be the most effective period 
for the control of the citrus thrips. In the 
case of lemons, which have an extended 
blooming period, the application of the 
tartar emetic spray during the blooming 
period cannot be avoided. 

The concern of the beekeepers in this 
new insect control program was caused by 
their experiences in the past with arseni- 
cals and other stomach poisons, their ig- 
norance as to the effect of tartar emetic on 
bees as well as the fear of having hundreds 
of tons of orange honey ruined by the ap- 
plication of the spray material during the 
blooming period. Some were concerned by 
the thought that the sugar solution carry- 
ing the tartar emetic would be attractive 
to the honeybees either in its dilute form 
or after it had been concentrated by evap- 
oration. Since several thousand colonies 
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were involved, we were importuned from 
many sources to determine the probable 
effect on the beekeeping industry of the 
recommended spray schedule for the con- 
trol of the citrus thrips. 

Metnops aNd Marertats.—Various 
methods were tried of feeding bees known 
quantites of sugar sirup, as used by other 
investigators (Hoskins & Harrison 1934), 
but the following procedure was adopted 
because of its simplicity and ease of opera- 
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me te bee lo te tows 
Fic. 1.—Relation of dosage to time elapsed before 


death of bees. 


tion: Serological pipettes, holding 0.2 ce. 
and graduated to 0.001 cc. were used to 
feed hungry bees placed individually in 
queen mailing cages. (These are inexpen- 
sive two- or three-holed wooden blocks 
covered with a wire screen and sold by bee 
supply houses.) A battery of the pipettes 
was arranged in a holder so that several 
bees could be fed at the same time by 
placing the cages against the ends of the 
pipettes. By inclining the pipettes at 
about a 20 degree angle from the vertical, 
capillarity held the sirup in the pipettes 
without permitting any drops to accumu- 
late at their tips. Individual feeding was 
resorted to when solutions were unattrac- 
tive to the bees but in all cases the bees 
were fed through the wire of the small 
cages. 

Bees were caught in a cage at the en- 
trance of a hive by reducing the entrance 
of the hive to equal that of the cage. The 
cage was soon filled with the required 
number of fees which were then trans- 
ferred to the individual cages after being 
released on a window in the laboratory. 
The bees were fed within one-half hour or 
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as soon as they manifested hunger. They 
were given access to sugar sirup after they 
received the poisoned sirup and were ob- 
served at intervals for results of the feed- 
ing. 

Preliminary tests indicated that a solu- 
tion of 0.12 grams of tartar emetic in 100 
cc. of 20 per cent sugar solution was quite 
toxic to bees. This concentration is com- 
parable to that of the poison contained in 
a formula of 1 pound of tartar emetic to 
100 gallons of water. The additional sugar 
was added to make the solution attractive 
to the caged bees. Solutions were then 
made to contain 0.12, 0.09, 0.06, 0.045, 
0.0225 and 0.0112 grams tartar emetic in 
100 ce. of 20 per cent sugar sirup. The 
average capacity of the honey stomachs of 
hungry bees was determined as 0.039 cc. 
so it was decided to feed the bees 0.03 ce. 
of 20 per cent sugar solution containing 
the dissolved poison. Each concentration 
was fed to at least 20 bees and in case of 
the lower dilutions, where death resulted 
at fairly wide intervals, the test was re- 
peated. Bees from the same colony were 
used throughout. 

Resuuits.—The data indicate that the 
minimum lethal amount of tartar emetic 
was between 3 and 6 micrograms per bee 
and that death resulted over progressively 
longer periods as the concentrations were 
decreased. At the weaker dilutions, the 
symptoms of poisoning were not so definite 
as at the higher concentrations. (Fig. 1. 

Discussion.—In recording the behav- 
ior of the bees, we had the same difficulty 
as other investigators have had in deter- 
mining the exact time a bee could be de- 
clared dead. At best we concluded such 
records could vary from several minutes 
to even hours in the opinion of different 
observers. Consequently, the data were 
recorded to show the first visible effect of 
physical distress, when the bees’ move- 
ments were restricted and uncoordinated, 
when they were permanently down and 
finally when they exhibited no reflex 
movements and could be declared dead. 
For all practical purposes, as well as for 
comparing the relative toxicity of differ- 
ent poisons, the bee can be declared fatally 
injured when its movements are so re- 
stricted as to cause it to remain in an un- 
natural position by a lack of coordinated 
movements. Bees seldom recover the pow- 
er of locomotion when so stricken from in- 
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gested materials. In fact, unconfined bees 
will generally leave their hive when they 
first feel the effects of poisoning and will 
perish within a few hours outside the hive 
through the combined effects of poisoning, 
hunger, dust, etc. This behavior on the 
part of the bee is an important factor in 
keeping honey uncontaminated by poi- 
sons even when the colonies themselves 
may be killed. 

The bees became quite restless soon af- 
ter ingesting the higher concentrations of 
poisoned sirup and manifested their dis- 
tress by moving rapidly and by frequently 
stroking the abdomen and mouth parts. 
With the stronger concentrations, the bees 
were observed to tumble in from one to 
two hours after taking the poison and to 
have their movements restricted shortly 
thereafter. 

All bees in two observation hives died 
within three days while feeding on sugar 
sirup containing 0.12 grams of tartar eme- 
tic per 100 ce. of solution. The queen was 
the last bee to die in one of the hives. 

The results of our preliminary investi- 
gations caused us to advise the beekeepers 
and growers that tartar emetic was toxic 
to the honeybee in quantities consider- 
ably under the concentrations recom- 
mended in the spray material and that it 
would be advisable for the beekeepers to 
become familiar with the spray program 
in their locations and to move their bees if 
the material proved injurious. We ex- 
pressed the opinion, however, that since 
the bees were not attracted to such a di- 
lute sugar solution, and since the material 
was to be spread so thinly over each tree, 
that there would be little damage if the 
spray was applied in the concentrations 
recommended and after a majority of the 
petals had fallen from the orange trees. 

Personal interviews with beekeepers 
whose apiaries were located in the vicini- 
ties sprayed with the tartar emetic-sugar 
solution revealed no authentic losses of 
bees from this source. One citrus grower 
and beekeeper reported no noticeable loss 
of bees in his colonies located adjacent to 
an orange grove sprayed with the tartar 
emetic solution while the trees were in 
bloom. The lack of complaints of losses 
from beekeepers to the county commis- 
sioners can be taken as an indication that 
little, if any, harm resulted this year to 
bees from the application of the tartar 
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emetic sugar solution in the control of the 
citrus thrips. 

The application of tartar emetic in dust 
form to citrus or deciduous fruit trees, 
while not justified as a control for thrips 
from present experimental results, might 
prove more destructive especially if the 
material is permitted to drift to pollen 
plants in adjacent fields or to cover crops 
within the fields treated. In such cases the 
bees will carry the poisonous material 
back to their hives with pollen and, judg- 
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ing from past experiences, the poison will 
prove injurious to the brood and house 
bees. 

Conciusions.—While the minimum 
lethal dose of tartar emetic was found to 
be between 3 and 6 micrograms per bee, 
the tartar emetic-sugar spray applied in 
greater concentrations in the control of 
the citrus thrips in California, did not 
cause noticeable loss this year to colonies 
in the vicinity of treated fields.—7-15- 
40. 
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The Insecticidal Effects 
1. Tort uly of 
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INtRopUcTION.—The studies which are 
proceeding in many laboratories on the 
toxic effects of organic compounds toward 
insects have already provided an immense 
amount of data, but have led as yet to 
only a few generalizations regarding struc- 
ture and toxicity which may be used for 
selection of materials for practical use. 
Among the numerous difficulties particu- 
lar importance attaches to the multitude 
of compounds already known or possible 
to make, the lack of agreement on meth- 
ods of testing and the use of insects of un- 
known physiological or genetic condition. 
Comparatively few species of insects are 
suitable for laboratory rearing over long 
periods and many economic species under- 
go a more or less compulsory dormant pe- 
riod during the winter, thereby introduc- 
ing the probability of seasonal variations 


ysiology and 
University 


' Contribution from the laboratory of insect pl 
toxicology, Division of I ntomology and Parasitology, 
of California 

*Employed by the 
signed to W.P.A. Official Project No. 65-1-08-91 
the University of California. 


Works Progress Administration and as 
Unit B-9, at 


of Organic Compounds 


sulfur and nitrogen compounds to fleshfly larvae! 


P. Broxnam® and Marian W. Van Ess 


in susceptibility. In consequence of this 
situation an inordinate proportion of the 
toxicity studies has been made with the 
silkworm and with grain insects. An ex- 
treme method of avoiding the biological 
difficulties inherent with insects is the use 
of the goldfish, Carassius auratus, for 
evaluation of possible organic insecticides 
(Gersdorff, 1936: Gersdorff & Claborn, 
1938). 

The present work concerns feeding tests 
with larvae of the fleshfly Lucilia sericata. 
Several advantages in the use of this in- 
sect may be mentioned. It is easily reared 
throughout the year under standardized 
laboratory conditions (Dorman et al., 
1938) and the larvae thrive upon a simple 
synthetie diet (Michelbacher, et al. 1932). 
The life cycle is short and natural mortal- 
ity is low. Parasites and diseases are of no 
importance. Any larval instar or any other 
stage of the life cycle may be obtained at 
will. Chemicals may be applied in various 
ways with all stages, e.g., by contact, in- 
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jection, as a fumigant, and also in food of 
the larvae and adults. 

EXPERIMENTAL PrRocEDURES.—Eggs 
were obtained upon fishheads from females 
of the fly colony which has been inbred in 
this laboratory for ten years. Approxi- 
mately 24 hours after hatching, by which 
time the larvae had reached the second in- 
star, they were transferred in groups of 
fifteen into vials 21 by 75 mm. in which 
food plus the desired chemical had been 
placed. The amount of each ingredient in 
the food was as follows: technical pow- 
dered casein 3.0 gm, dried brewers’ yeast 
0.3 gm, butter 0.3 gm, 1 per cent agar so- 
lution 14.4 cc. The desired quantity of the 
chemical to be tested was placed in a large 
tube. The solid ingredients of the diet 
were then added and mixed thoroughly 
by means of a flattened glass rod. All solid 
substances tested were finely ground to 
facilitate uniform distribution through the 
food. The agar solution, warmed suffi- 
ciently for measurement in a pipette, was 
then added and stirred in very carefully. 
The food while still fluid was divided 
equally between three vials which were 
kept in a slanted position until their con- 
tents had set. Thus each test was per- 
formed in triplicate and repetitions were 
made when discrepancies occurred. For 
the extreme dilutions much larger amounts 
of food were made up and aliquot portions 
removed for the three vials. 

On this standard synthetic diet second 
instar larvae begin to feed within a few 
hours and complete their feeding in four 
to five days when kept at 25 degrees C. 
The mortality on this standard diet in 
seven tests made at intervals during the 
course of the investigation varied from 
zero to 20 per cent, averaging 16 per cent. 
With both the standard and experimental 
diets daily observations were made and 
the number of living larvae recorded. 
When feeding was completed, the surviv- 
ing larvae were transferred to clean dry 
vials and daily records made of survival 
and pupation. Lastly, the number of suc- 
cessful emergences was recorded. The 
mortality given in the following tables 
was calculated from the total number of 
deaths during all of these phases. Values 
given are the average of all runs. 

With most of the chemicals tested the 
concentration was varied widely enough 
to include both high and low toxicities, 
but with compounds having but little ef- 
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fect only a few concentrations were tried, 
While it is recognized that the toxic ef- 
fects of various chemicals may be com- 
pared most accurately from their entire 
concentration-mortality curves this is 
only possible when each is highly toxic at 
concentrations capable of use. Similar lim- 
itations apply to determination of the 
point of fifty per cent kill. Consideration 
of the data from the present work indi- 
cated that trends in the relations of chem- 
ical constitution to toxicity could be satis- 
factorily shown by comparison of the 
lowest concentration at which complete 
mortality occurred, together with the mor- 
tality at the next lower concentration. In 
the case of substances obviously only 
slightly toxic the mortality is given for 
only the highest concentration used. All 
diets were made up by weight and the geo- 
metric dilution method was used, 7.¢., each 
concentration of the toxic substance was 
one half its value in the preceding test. 
On account of the tremendous number 
of organic compounds, there is little hope 
of gaining an insight into the relations of 
structure to toxic action by selecting the 
chemicals for testing on the basis of avail- 
ability or alphabetical arrangement. It is 
by examining groups of related but pro- 
gressively differing substances that such 
information must be sought. But here 
again the number of substances suitable 
for trial is nearly unlimited. Studies by 
many investigators with numerous ani- 
mals and plants have agreed in showing 
that the presence of nitrogen or sulfur in a 
compound is often associated with strong 
pharmacological effects. Ginsburg & Ca- 
vallito (1936) found that strong insecti- 
cidal action is frequently a property of 
compounds containing both nitrogen and 
sulfur. The present work was planned to 
include compounds of this type. 
Chemicals were obtained from several 
sources. In so far as possible they were the 
Eastman Kodak Company’s reagent 
grade. The research laboratories of several 
chemical companies supplied certain spe- 
cial compounds and nearly half the sub- 
stances tested were synthesized in this 
laboratory by one of the authors (M.W. 
V.E.). Purity was established by analysis 
or other appropriate test. No claim 1s 
made that all the materials used were of 
C.P. quality but errors attributable to 
this cause are doubtless small. 
Resutts.—In preliminary work it was 
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found that thiourea is extremely toxic to 
Lucilia sericata under the conditions of 
these tests. This rather unexpected result 
caused the investigation to be turned to- 
ward derivatives of this compound and to 
related substances containing sulfur or 
nitrogen. Table 1 contains the data for 
several series. For comparison, the results 
with several inorganic compounds also 
are given and in Table 2 analogous oxy- 
gen and sulfur compounds are compared. 

DISCUSSION. Before considering the 
mortality resulting from the various 
chemicals used, certain characteristies of 
these tests should be mentioned. Fleshfly 
larvae lie almost completely imbedded in 
their food and hence a poison added to the 
latter may act by contact as well as by ab- 
sorption from the gut and, of course, also 
as a fumigant if it is appreciably volatile. 
Except for ammonia, nicotine, propyl 
mercaptan and the low molecular weight 
amines the compounds used in these ex- 
periments have relatively high boiling 
points and the most toxic substances are 
non-volatile solids. Hence respiratory ef- 
fects probably are negligible. The solubil- 
ity varies enormously and doubtless is a 
limiting factor for the toxicity of some 
compounds, such as lead arsenate, rote- 
none and phenothiozine. The solubility of 
acidic or basic compounds and of many 
salts is affected by the pH of the medium 
to which they are exposed. At the begin- 
ning of an experiment the food was some- 
what acidic (pH=5+) but as the larvae 
fed they produced ammonia (Michelbacher 
et al., 1932) and the pil rose to neutral or 
beyond. Consequently the solubility and 
the stability of many of the compounds 
used probably underwent a change. 

With reference to contact insecticidal 
action the change in pH may play an im- 
portant role, for the degree of ionization 
and hence the ease of penetration through 
the integument are affected thereby. Thus 
the molecular arsenious acid present in 
acidic solutions is more toxic than the ar- 
senite ion of basic solutions toward mos- 
quito pupae, and many other similar in- 
stances have been recorded (Hoskins 1932, 
1940). Within the digestive tract of the 
larvae the pH is doubtless relatively inde- 
pendent of the nature of the food although 
in severe poisoning of the larvae of Euroa 
segetum and Pieris brassicae by sodium 
arsenite or paris green marked departure 
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Table 1.—Mortality resulting from addition of 
inorganic or organic compounds to synthetic diet 
for Lucilia sericata larvae. 





Morta.ity at INDICATED 


COMPOUNDS CONCENTRATIONS 


Cone. in Mortal- 
per cent ity in 
Name and formula by weight per cent Stages! 
Standard diet 16 2,3,4 
Inorganic compounds 
sodium arsenite 1/32 100 3,4,p 
NasAsO; 1/64 87 3.4 
sodium arsenate 1/8 100 2.3 
NasAs, 116 sO 2,3,4,p 
calcium arsenate 1/32 QO 2.3 
Cas(AsO,)s (technical 1/64 42 2.3 
lead arsenate, standard 1/32 25 2 
PbHAsO, 1/64 26 2 
cryolite 1/32 $2 2,3 
NasAIF, (technical 1/64 26 2 
sodium sulfide 1/2 51 3.4 
Na3S (technical 1/4 29 3,4,p 
boric acid 1/8 100* z] 
1,BO; 1/16 93 2,3,4,p 
Il. Organi com pounds 
Miscellaneous 
rotenone 1/128 100 2,3 
CoHoe)s 1/256 98 2,3.p 
1/512 62 2,3,4 
nicotine 1/64 100 2 
CicHuNs 1/128 1728 
2,4-dinitro-6-cyclohexylphenol 1/128 93 2,3 
C.HANO:)(OH)CH 1/256 87 2,3 
Lethane 384 
50°; B-butoxy-8'-thiocvan 
odiethy! ether 1/8 100 $4 
C,H,OCH,CH,OCH:-CH,SCN 1/16 93 34.p 
xanthone 1/8 58 2.3 
CHOC H,.CO 
{ mines 
n-butylamine 1/2 20 2,3,p 
CH,(CH)):NH, 
di-n-butylamine 1/8 100 $ 
[(CH,(CH,)s|);.NH 1/16 87 3 
tri-n-butylamine 1/8 100 2,3 
CHa(CHs)s|3N 1/16 47 2,3 
n-amylamine 1/8 36 2 
CH,(CH:),NH 1/16 20 2 
di-n-amylamine 1/8 73 2,3 
CH,(CH).):NH 1/16 49 2,3 
n-heptylamine 1/8 1 2,3,p 
CH(CH,).NH 
dodecylamine 1/2 87 2,3 
CH ACH.) .NH 
amine 220 1/2 24 2.3 
aniline 1/8 100° 2 
CH NH, 1/16 89 2.3.4 
diphenylamine 1/4 100 2.3 
CoH;):NH 1/8 51 2.4,p 
triphenylamine 1/4 18 2 
( «H aN 
n-butylaniline 1/8 100° 2 
CoH NH( CH,),CH, 1/16 69 2,3,4,p 
benzylaniline 1/4 93 2.3 
C H,.NHCH,C.H 18 60 2,3.p 
phenylenediamine 1/8 100 2,3 
CoH ANH»): 1/16 +4 2,3,p 
morpholine 1/4 100 2.5.4 
CH,CH,;NHCH.CH) 1/8 62 2,3,4 
M ere iptans 
n-propyl mercaptan 12 24 3,4,p 
CH,CH,.CHSH 
thiophenol 1/4 100 2 
C.H.SH 1/8 91 3.4 
-thiocresol 1/4 100 2 
CH,C,.H.SH 1/8 95 2,3,p 
m-thiocresol 1/8 100 4 
CH,C.H.SH 1/16 53 +.p 
p-thiocresol 1/8 100 2,3 
CH,C.H.SH 1/16 62 2.4,p 
benzyl mercaptan 1/8 100 2,3 
C.H.CH SH 1/16 76 2,3,p 
Monosulfides 
methyl ethyl sulfide 1/2 91 3,4,p 
CH,SCH.CH; 1/4 47 3,4,p 


(Table continued on next page 
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resulting from addition 
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synthetic diet for Lucilia sericata larvae. 
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from the normal alkaline condition of the 
midgut was found (Skrjabina, 1936). It is 
known that the midgut of Lucilia sericata 
larvae normally has a region of high acid- 
ity (Hobson, 1931) but no data appear to 
be available on the buffering power of the 
digestive juices nor on the effects of pol 
sons on this or any other region of the di- 
gestive tract. | ntil physiological informa 
tion of this kind is available the results of 
toxicity investigations must be correlated 


and interpreted very largely in terms of 


the chemical properties of the substances 
concerned. 

Although the results as given in the ta- 
bles are more or less self-explanatory cer- 
tain comments and comparisons within 
and among the various classes of com- 
pounds may be made. In conformity with 
the usual experimental findings, sodium 
arsenite is several times as toxic as sodium 
arsenate and the slightly soluble caleium 


and lead arsenates are relatively non- 
toxic. 
Results obtained with several well 


known organic insecticides are included in 
order to prov ide a basis for judging the ef 
fectiveness of the compounds investi- 
gated. In the following discussion it must 
he remembered that the validity of any 
generalizations has been established only 
for the tested. While they 
probably hold in a broader sense, there is 
always the possibility of specific excep 


substances 


tions. 

The primary amines are all relatively 
non-toxic but in passing down the series 
there is a maximum at or near n-heptyl- 
amine followed by a decline to practically 
no effect with amine 220. In the series of 
straight chain secondary amines the max 
imum toxicity occurs at di-n-butylamine, 
or possibly lower since di-n propy lamine 
has not been tested. Secondary aliphatic 
amines are much more active than the 
corresponding primary (mong 
the aromatic amines a different situation 
prevails. The toxic effect drops steadily 
from aniline to triphenylamine. This lat- 
ter compound was found by Fink, et al. 
1938) to be non-toxic to mosquito larvae 


amine s 


at the highest concentration used in their 
work, and diphenylamine has no effect on 
the silkworm (Ginsburg & Granett. 1935 
The mereaptans and monosulfides are 
all relatively non-toxic, and are surpassed 
by the disulfides. The low toxicity of 
benzyl disulfide is in agreement with the 
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result of Campbell, et al. (1934) with culi- 
cine mosquito larvae. Phenothiazine, 
which might be regarded as a cyclic sul- 
fide, is moderately toxic, producing about 
the same mortality as sodium arsenate or 
as Lethane. Phenoxathiin is nearly as le- 
thal as sodium arsenite and unlike pheno- 
thiazine, does not give rise to objectiona- 
ble colored oxidation products. 

The group -C (=3S) NH- gives rise to a 
number of highly toxic compounds, in- 
cluding the thioureas, which will be dis- 
cussed later, and the thioamides. Both the 
thioacetamide and thiopropionamide be- 
come more toxic with the introduction of 
an allyl group on the nitrogen atom, but 
similar substitution by a phenyl radical in 
thioacetamide causes a decrease. This 
condition is opposite to that observed with 


the silkworm (Ginsburg & Cavallito, 
1936). Some other thioacid derivatives 


were less promising. Esters of thiolacetic 
acid were ineffective. Tetramethylthiou- 
ram disulfide, which is repellent to silk- 
worms (Ginsburg & Granett, 1935) and 
to the Mexican bean beetle, Epilachna 
rarivestis, and other leaf-eating beetles 
Guy, 1937) is somewhat toxic to fleshfly 
larvae but not noticeably repellent at one- 
eighth per cent. Sodium diethyl dithio- 
carbamate gave a similar though more de- 
layed mortality. 

In connection with these varied sulfur 
compounds, it is of interest to compare 
analogous sulfur and oxygen compounds 
as in table 2. The aryl mercaptans are uni- 
formly more toxic than the corresponding 
phenols, but it is in the replacement of 
carbonyl oxygen by sulfur that the great- 
est increment is observed, particularly in 
urea and acetamide. Though replacement 
of the carbonyl oxygen atom of xanthone 
to form xanthione also results in a slight 
increase in toxicity, the replacement of the 
heterocyclic oxygen atom to form thio- 
xanthone has an opposite effect. 

The outstanding feature of this investi- 
gation to date is the high toxicity of thio- 
urea. On the basis of the concentration 
required for 95 to 100 per cent mortality, 
thiourea and several of its derivatives are 
as effective as rotenone or 2,4-dinitro-6- 
cyclohexylphenol and distinctly more tox- 
ic than Lethane or nicotine. The simple 
mono-alkyl derivatives resemble thiourea 
in their lethal effects, but their effect is 
often delayed so that many insects ex- 
posed to propyl, butyl and amyl thioureas 
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died in the fourth instar or as pupae. The 
maximum toxicity for this series appears 
to occur with mono-n-butyl thiourea 
which causes approximately the same 
mortality as thiourea itself. The mono- 
alkyl thioureas of higher molecular weight 
are decidedly less effective. The introduc- 
tion of even one phenyl radical also 
reduces toxicity, an observation in har- 
mony with the findings with thioacet- 
amide where it was also noted that the 
substitution of a phenyl radical for a hy- 
drogen atom of the amino group resulted 
in decreased mortality. Symmetrical di- 
phenyl thiourea is even less toxic. The 
symmetrical diaryl and dialkyl thioureas 
are uniformly less toxic than the corre- 
sponding monosubstituted derivatives, a 
result which agrees with the change in 
mothproofing potency of some of these 
compounds (Minaeff & Wright, 1929). 
Among the aliphatic derivatives this fac- 
tor assumes diminishing importance as the 
molecular weight decreases. Consequently 
it is not surprising to find that 1,3-ethyl- 
ene-2-thiourea is extremely toxic, 1,3-(o- 
phenylene)-2-thiourea, like other aromatic 
derivatives is relatively ineffective. In the 
few cases examined, the substitution of 
groups on the sulfur atom to form com- 
pounds of the pseudothiourea type result- 
ed in large losses of toxicity. The acyl de- 
rivatives of thiourea were ineffective with 
the exception of the simple mono- and dia- 
cetyl thioureas. 

Speculation regarding the great tox- 
icity of thiourea gives rise to certain in- 
teresting points. In the first place it 
appears to be highly repellent though ex- 
perimental conditions make it difficult to 
distinquish between repellency and very 
rapid lethal action. No observable feed- 
ing occurred with a concentration of one 
one hundred and twenty-eighth per cent 
or greater. At the next dilution, which 
still allows no survival, some feeding oOc- 
curred, and the last instar was reached 
by some individuals at one and one five 
hundred and twelfth. An indication that 
failure to feed is not the chief cause of 
mortality at low concentrations is given 
by an experiment in which third instar 
larvae, approximately half grown, were 


placed upon food containing thiourea at a 
concentration of one thirty-second. The 
larvae fed but died in the third and fourth 
instars. Since half grown larvae are able to 
live for many days and usually are able to 
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pupate if given no more food it is obvious 
that their speedy death was directly due 
to the poison. Certain other instances of 
marked repellancy (or very early death) 
are shown in the tables and much data on 
this subject is being collected in the course 
of the toxicity experiments. Preliminary 
studies of the toxicity of thiourea toward 
house-fly larvae (Musca domestica) have 
indicated that this insect also is very 
sensitive to the compound and the possi- 
bility of a practical means of control sug- 
gests itself. 

Experiments in this laboratory as well 
as those of others (e.g., Ginsburg & Caval- 
lito, 1936) have shown that thiourea and 
derivatives have very little toxicity to- 
ward certain leaf eating insects. It is also 
only slightly toxic for adult flesh flies. 
Hence, the relation seems to hold that 
thiourea has but slight effect upon insects 
whose diet is largely carbohydrate, but is 
very toxic for those, such as the larvae of 
fleshflies and clothesmoths, which live 
upon a predominantly protein diet. The 
possibility may be suggested that an en- 
zyme concerned with the metabolism of 
protein may be affected adversely by these 
compounds. 

Summary.-The toxicity larvae of 
the fleshfly, Lucilia sericata, of represen- 
tatives from several series of organic com- 
pounds containing amino nitrogen or 
sulfur or both has been studied by adding 
the substances at various concentrations 
to a synthetic diet. Di- and _ trialiphatie 
amines are more toxic than the mono- 
amines, but the reverse relation holds with 
the aromatic amines. Mercaptans and 
monosulfides are relatively non-toxic. Di- 
sulfides are more toxic than monosulfides. 
The group -C =S) N gives rise to 
highly toxie compounds, especially thi- 
ourea, certain of its derivatives and cer- 
tain thioamides. Introduction of a phenyl 
group upon the nitrogen reduces toxicity. 
Substitution upon the sulfur atom re- 
duces the toxic effect. Since thiourea has 
little toxicity to leafeating insects, but is 
very effective against fleshfly larvae and 
clothes moth larvae, it may be that the 
mechanism of its poisonous action is to be 
sought in the behavior of the enzymes 


concerned in the metabolism of a highly 
proteinaceous diet.’ —7-15-40. 
> The assistance of the following chemical companies who fur- 


nished samples of their products is gre atfully acknowledged, 
Shell Development Company, Sharples Solvents Corporation, 
Carbide and Carbon Chemicals Corporation 
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Prior to the summer of 1984 insecticides 
were considered to be of little value in the 
control of the pea weevil, Bruchus pisor- 
um (L.). In that year calcium arsenate 
was used to some extent in the Willamette 
Valley in and Larson et. al. 
(1938) showed that when it was applied 
to Austrian Winter field although 
weevil populations were not climinated, 
the germination and weight of the peas 
were increased to the point where they 


( rege mh, 


peas, 


would pass regulatory measures in these 
respects. Laboratory and field tests in the 
areas near Moscow, Idaho, 
showed calcium arsenate to be ineffective. 
More experiments with several 
other insecticides, however, demonstrated 
that derris and cubé dusts were effective, 


seed-pea 


recent 


and these materials have since been used 
in the commercial control of the weevil. 

LaBporatory Tests. During the sum- 
mer of 1934 a series of preliminary labora- 
tory was run to 
effectiveness of the following insecticidal 
dusts: Caleium arsenate undiluted, bari- 
um fluosilicate, derris root mixed with 
sufficient diatomaceous earth to give a 


tests 


compare the 


rotenone content of 1 per cent, and a mix- 
ture of equal parts of derris diluted with 
tobacco dust to give a rotenone content of 
1 per cent and pyrethrum diluted with 
diatomaceous earth to give a total pyr- 
ethrin content of 0.45 per cent. Each ma- 
terial was tested by dusting directly on 
the insects; by exposing undusted weevils 
to blossoms from dusted plots; by expos- 
ing undusted weevils to blossoms dusted 
in the laboratory; and by compelling wee- 
evils to walk a distance of 2 inches over a 
dusted surface. 

The insects, and surfaces 
were dusted with a hand duster at the 
rate of approximately 20 pounds per acre. 
Only those insects or blossoms that were 
well covered with the insecticide were 
used. Weevils were placed individually in 
shell vials for observation. Treated wee- 
vils were put on untreated blossoms and 
untreated weevils on freshly treated blos- 
soms. All weevils were supplied blossoms 
each day after the first 24 hours until the 
insects in an unfed check were dead. 

A summary of the results of these tests 
is presented in table 1. 
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Table 1.—Summary of results of laboratory 
tests with insecticides against the pea weevil, 
Moscow, Idaho, 1934. 
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It is obvious from these tests that the 
inorganic insecticides did not give satis- 
factory kills and that the derris and pyr 
ethrum dusts gave the best results. 

Pitot Tests.— During the crop season of 
1935 the following insecticides were tested 
on fortieth-acre plots: Calcium arsenate, 
undiluted synthetic eryolite, derris and 
dust mixture containing 1 per 
cent of rotenone, derris diatoma 
ceous earth mixture containing | per cent 
of rotenone, and the combined mixture 
of derris and pyrethrum used in the labor- 
atory tests. Each plot was dusted five 
times beginning on June 11, just prior to 
the formation of the first small pods. The 
subsequent applications were made on 
June 13, 15, 20, and 25. 

Although the materials 
satisfactory control, owing to migration 
of weevils from undusted check areas, the 
combined mixture of derris and pyr- 
ethrum gave the best results and the mix 
ture of and dust 
second. 

During that two small garden 
patches were treated three times with the 


tobacco 


none of vave 


derris tobacco Wis 


season 
Table 2.—Summary of results of plot-dusting 


experiments against the pea weevil, Moscow, 
Idaho, 1936. 
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derris and tobacco dust mixture. Exam- 
ination of the ripe peas from these patches 
showed 96 and 99.4 per cent to be sound. 
In an undusted garden patch in the same 
vicinity only 31.4 per cent of the seeds 
were sound. 

In 1936 conducted on 
quarter-acre plots and mainly for the pur- 
pose of obtaining additional information 
on the effectiveness of derris. Mixtures of 
derris with tobacco dust, sulfur, and dia- 


tests were 


tomaceous earth as diluents were used, as 
well as calcium arsenate and sulfur, paris 
green and lime, and undiluted synthetic 
cryolite. The materials were applied with 
hand dusters, at the rate of 20 pounds per 
acre, to peas that had been sown broad- 
cast. Five dustings were made. Peas were 
examined in both the green-pod and dry 


Table 3.—Reduction of pea weevil infestation 
in garden patches following applications of derris 
dust, Moscow, Idaho, 1936. 
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stages. The results of these tests are given 
in table 2. 

In these tests the best results were ob- 
tained with the derris dusts, which gave 
controls of more than 99 per cent on green 
peas and from 97.47 to 98.78 per cent on 
dry peas. These figures were especially 
indicative, for the infestation on the im- 
mediately adjacent check plots averaged 
$2.50 per cent for the green peas and 
$4.25 per cent for the dry peas. The poor- 
est results were obtained with calcium ar- 
senate. Although the results with eryolite 
were very good, this material was not fur- 
ther investigated because of the possibil- 
itv of harmful edible 
product. 

In addition to these large plot tests 13 
garden patches were dusted. Derris mix- 
tures containing | per cent of rotenone 
were applied to each patch. The first ap- 
plication was made just before the first 
small pods appeared on the vines, and 


re sicluc Ss on the 


applications were made thereafter when- 
ever a 5-minute examination of the vines 
showed more than one weevil. The num- 
ber of applications ranged from two to 
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five. The dust was applied with hand dust- 
ers at such a rate that it could readily be 
detected on the vines. 

A summary of the results of these tests 
is presented in table 3. 

The best results so far as the green-pea 
crop was concerned were obtained on a 
garden patch in which 117 weevils were 
found before the first dusting and no 
weevil-infested peas found after dusting. 
Ripe peas from this patch, however, 
showed an infestation of 3.2 per cent, an 


applied; consequently no direct check 
could be made on the reduction in weevil 
population due to dusting. In two instane- 
es where it was possible to sweep the peas 
on the day following dusting, reductions 
of 88 and 94 per cent were indicated. In 
the first instance the actual reduction was 
probably greater than 90 per cent, because 
road dust, resulting from heavy traffic on 
a dirt road paralleling the edge of the field, 
settled on an undusted section of the bor- 
der and caused some of the weevils to 





Fic. 1.--Duster of the type used in pea weevil control in 1937, showing the 
construction of the hood over the dust nozzles 


indication that dusting operations had 
been discontinued at too early a date. 

Fieip Tests in Borper-TRApP Strips 
In 1936, through the cooperation of a can- 
nery, tests were made on a number of 
border-trap strips treated with a commer- 
cial cubé dust mixture stated by the 
manufacturers to contain between 0.65 
and 0.8 per cent of rotenone in clay. 

Border-trap strips (Larson, Brindley 
& Hinman 1938) are plantings of early 
pea varieties that develop ahead of the 
main field and serve to concentrate the 
weevils where they can be destroyed be- 
fore the plants in the main field bloom. 
These strips are usually one drill (10 feet 
wide and extend all the way around the 
field. 

The dust was applied with land dust- 
ers, and in most instances the strips 
were plowed under the day the dust was 


move over into the area that had been 
dusted the day previously with the rote- 
none compound. 

OBSERVATIONS OF COMMERCIAL Dust- 
ING IN 1937.—Approximately 95,000 
pounds of dust mixtures containing roten- 
one and extractives derived from derris 
and cubé were applied to several thou- 
sand acres of commerical pea fields in 
1937. 

The fields in which observations were 
made were treated with cubé dust mix- 
tures containing 1 and 0.75 per cent of 
rotenone. The dust was usually applied at 
the rate of 25 to 40 pounds per acre. 

All the early dusting and some through- 
out the entire season was done by 
commercial-type dusters about 10 feet 
wide, drawn by horses, tractors, or trucks. 
Later, following the recommendations 
of the Oregon Agricultural Experiment 
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Station, some of the dusters were widened 
and equipped with hoods which covered 
the nozzles and confined the dust mixture 
to the plants. 

These hoods were made of heavy cloth 
in the form of an elongated, inverted box, 
3 to 4 feet high, 4 to 5 feet wide, and pro- 
jecting 10 to 20 feet on each side of a truck 





Fic. 2.—Duster with the hood raised to a vertical 
position. The dust nozzles are along the upper side 
of the hood and are not shown in the picture. 


or trailer (Fig. 1). The bottom of the hood 
was weighted with iron rods or some 
heavy material to prevent whipping by 
the wind. Most of the hoods were so con- 
structed that they could be raised to a 
vertical position when not in use (Fig. 2). 

Hoods were first used on dusting ma- 
chines for the control of the pea weevil in 
1937 in western Oregon (Chamberlin & 
Gray 1938). They were based on the prin- 
ciple of the hooded oil atomizer which has 
been employed in control studies of the 
beet leafhopper in Idaho and California. 

To determine the effect of the dusts the 
weevils were collected in an insect net be- 
fore and after dusting, 500 sweeps of the 
net being made each time. Observations 
were made in only a portion of each field, 
a distance of 1,000 or more feet being cov- 
ered in 500 sweeps. Twenty-five sweeps 
constituted a sample. A stake was set up 
to mark the point where each fiftieth 
sweep was taken, thereby making it pos- 
sible to return to a field and sample the 
same area that had been swept previously. 
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Sweeping was done along the edges of 
the fields and within the fields for a dis- 
tance of 100 feet parallel to the edge. Ifa 
border-trap strip had been planted, 
sweeping was done on this strip and also 
within the field for 100 feet. 

The fields were swept every 3 days 
throughout the blooming period, except 
when weather conditions prevented. In 
fields with border-strip plantings sweep- 
ing was begun in the main field before the 
plants began to bloom. The fields were 
swept the day after the dust was applied. 


Table 4.—Average number of pea weevils per 
sample in twenty 25-sweep samples before and 
after dusting with cubé mixtures in various com- 
mercial fields in the Blue Mountain area of 
Washington and Oregon, 1937. 





DUSTERS WITHOUT 
Hoops 


DusTERS WITH 
Hoops 
Number of Weevils Number of Weevils 


Before After 
Dusting Dusting 


Before After 
Dusting Dusting 
Mixtures containing 1 per > Mixtures ontaining I per 


cent of rotenone cent of rotenone 


63.05 0.35 101.45 1.55 
46.30 30 $8.85 1.90 
$2.25 20 35.00 1.75 
23.15 18 $2.30 2.30 
21.80 30 13.10 30 
14.55 10 11.40 30 
8.10 SO 9.20 35 
6.35 41) 8.75 1.00 
+. 60 10 7.20 1.35 
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26.55 05 
21.65 0 
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7.25 15 
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$3.45 10 
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1.20 oo 
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Table 4 shows the reduction in weevil 
populations following dusting with the 
two concentrations of cubé dust when ap- 
plied with and without hoods over the 
dust nozzles. 
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From these data the mean percentage 
reductions in weevil population due to 
dusting have been calculated and an anal- 
ysis of the results is given in table 5. 


Table 5.—Percentage reductions in pea weevil 
populations following applications of cubé dust 
mixtures in commercial fields, Blue Mountain 
area of Washington and Oregon, 1937. 








Averace Repuction in Porpviation 
Per Cent 

lyre oF 1 Per Cent 0.75 Per Cent Difference 

Duster {f Rotenone of Rotenone Per Cent 
With hood OS _ 64 o8.10 0.54+0.78 
Without hood of ow. oO 6.55 +85 
Difference 

per cent +. 07 1.40? & OO +.21° 

* Signif nt 

t Highly significant 


The use of hoods definitely increases the 
degree of control, since there are signifi- 
cant differences between the results with 
hooded dusters and those with dusters 
not having hoods. The data indicate no 
significant difference, however, between 
dusts containing 1 per cent of rotenone 
and those containing 0.75 per cent of ro- 
tenone whether applied with or without 
hoods on the machines. 

Good control was achieved only when 
the duster passed over the entire infested 
area. In one field untreated strips about 
30 feet wide were left between the dusted 
strips. Although a heavy application of 
dust was used, the reduction in weevils on 
the undusted strips was only approxi- 
mately 82 per cent. The day was quiet, 


Duster with trailer used in pea weevil control in 1938. 


however, and the dust drifted slowly 
across the field. 

No direct evidence of any repellent ac- 
tion of the dust was found. In several in- 
stances, particularly early in the season 
when migration to the pea field is most 
general, increased numbers of weevils 
were noted within a day after dusting. 
Observations indicate that such increases 
are due to movements of weevils into the 
field after the rotenone dusts have lost a 
part of their effectiveness. 

OBSERVATIONS OF ComMMERCIAL Dust- 
ING IN 1938.—During the 1938 crop sea- 
son over 400,000 pounds of commercial 
dusts containing 1 per cent of rotenone 
derived from derris, cubé, and timbo were 
used for weevil control. Most of this dust 
was applied early in the season, when 
some entire fields had to be treated to con- 
trol the widely scattered weevils. Con- 
tinued migrations from hibernation quar- 
ters to pea fields necessitated two and 
sometimes three dustings. 

Most of the dusters used that year were 
equipped with a short trailing canvas 

Fig. 3), which aided in preventing the 
dust from being blown by the wind. These 
trailers did little or no injury to the pea 
vines. 

Control throughout the season was uni- 
formly good except in a few instances 
when temperatures were unusually low or 
when a strong breeze was blowing while 
the dusting was under way. 

SuMMARY.—Experiments in the labora- 
tory and in field plots demonstrated that 
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the pea weevil can be controlled in green 
peas and in dry peas by the application of 
derris dust mixtures with a rotenone con- 
tent ranging from 0.5 to 1 per cent. 

Large-scale field tests demonstrated 
that the application of dust mixtures con- 
taining either 0.75 or 1 per cent of rote- 
none derived from derris, cubé, or timbo, 
at rates ranging from 25 to 40 pounds per 
acre, gave satisfactory control. No signifi- 
cant difference could be detected be- 
tween the performance of the two dilu- 
tions of the mixture. It was found that the 
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use of a hood or of a short trailing canvas, 
on the dusting machine, increased the 
efficiency of the treatment by preventing 
excessive wind drift. 

When the pea weevils continued to mi- 
grate from hibernation quarters to pea 
fields after the first dust application, two 
and sometimes three dustings were neces- 
sary. 

Satisfactory control of the pea weevil 
was achieved only when all infested parts 
of pea fields were treated.—-7-15-40. 
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Studies on the Biology and Control of Sod Webworms 
in California 


Ricnarp M. Bouart,' University of California, Los 


The most serious annually recurring 
pests of bluegrass and bent grass lawns in 
California are larvae of the genus Crambus 
popularly known as sod webworms or 
lawn moths. When present in sufficient 
numbers these worms are capable of pro- 
ducing large brown areas in a lawn or may 
even kill it entirely. Their persistent at- 
tacks often lead to the replacement of the 
finer lawn grasses with coarser species or 
with some other type of ground cover. 

In view of the various uncertain con- 
trol methods in common use and the lack 
of information on the life history of the 
Californian species, a study of this prob- 
lem was begun in the summer of 1938 
and has been continued to the present 
time. 

The two species of webworms known to 
damage lawns in California are Crambus 
bonifatellus (Hulst) and C. sperryellus 
Klots.* 

DISTRIBUTION. bonifatellus 
seems to prefer the more moist lowlands, 
and is especially common in the coastal 
counties from San Diego to San Francis- 
co. C. sperryellus is the predominant form 
in dryer sections from Riverside and Los 


C'rambus 


t The author has been materially aided in this study by R. H. 
Smith and R. J. Pence 


Determinations by A. B. Klots 
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Angeles counties north through the San 
Joaquin and Sacramento valleys. Inter- 
mediate areas may harbor both species. 

Lire History.-The method employed 
in rearing involved the use of small sten- 
der dishes supplied with close-fitting bot- 
tom linings of blotter paper. Enough 
water was added to keep the blotter 
damp, and after cleaning the dishes fresh- 
ly cut lengths of tender blue grass were 
supplied daily. As the two species con- 
cerned do not eat their cast head capsules, 
these were useful in keeping a record of 
the instars. The dishes were kept in the 
dark to more closely approximate natural 
conditions as well as to prevent the ac- 
cumulation of moisture on the glass. 

From experiments started in July, 1939, 
in rearing dishes, at laboratory tempera- 
tures of 65 to 80 degrees, with an abun- 
dance of food, it was found that the period 
from oviposition to emergence from the 
pupa was about 40 days. Moths from the 
same batch of eggs reared at outside tem- 
peratures ranging from 55 to 87 degrees 
emerged in about 45 days. Allowing a day 
or two for mating and first egg-laying, it 
can be seen that a complete life cycle 
would take roughly a month and a half 
during moderately warm weather. 

The incubation period varies from 5 to 
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10 days depending on the temperature. 
The oval reticulate eggs are laid dry with- 
out an adhesive and, after being deposited 
by the moth at rest or in flight, filter down 
toward the crowns of the grass. During 
incubation the eggs go through a color 
range of lemon yellow, clear bright orange, 
dark orange, and bluish. Kye spots become 
visible in the dark orange stage. 

The larvae are slender active worms 
with the head and pronotal plate dark, the 
legs and caudal plate dusky grey, light to 
dark pinacular spots along the body, and 
a greyish to whitish body ground color. 
In the fourth instar the two species can be 
distinquished by a difference in markings 
which more evident in later 
stages. In Crambus sperryellus dark spots 
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on the head stand out in strong contrast to 
the yellowish background, the body 
ground color is whitish, and the body in 
general is more robust. In C. bonifatellus 
the head is more uniformly brownish, the 
body ground color is greyish, and the 
body in general is more slender. Six larval 
instars are normally present, and during 
periods of rapid growth the age of a larva 
can be approximately determined by its 
length. This is about one-eighth of an 
inch when a week old, three-eighths of an 
inch at two weeks, and after three weeks 
the full grown worms may be five-eighths 
to three-quarters of an inch in length. All 
stages have the habit of spinning silken 
shelters camouflaged with bits of 
and excrement. The first and second in- 
star larvae work as skeletonizers of the 
grass blades whereas the later larvae cut 
notches in the edges of the blades or 
sever them completely. The greener por- 
tions of the crown are also subject to 
attack but, contrary to popular opinion, 
mo- 
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the grass roots themselves are not 
lested. This is indicated by the general 
observation that webworm frass is in- 
variably a bright grass green. Additional 
evidence was obtained by confining half- 
grown larvae in a dish containing grass 
blades, crown, and roots. The grass blades 
were eaten at once followed by the greener 
portions of the crown but although fresh 
roots were supplied daily, no indication 


of feeding could be discerned even after 


several days’ starvation. 


Pupation takes place slightly below the 


surface of the ground in a loosely woven 
cocoon and the pupal period varies from 
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5 to 15 days, depending on the tempera- 
ture. 

The adults of the two species have 
strikingly different markings. Crambus 
bonifatellus has the forewing creamy buff 
with small and inconspicuous spots of 
white and brown or black, whereas C. 
sperryellus has the forewing golden with a 
longitudinal streak of silver. 

Observations in 1938 and 1939 indicate 
the completion of four generations a year 








Mature larvae of Crambus bonifatellus 
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Fig. 1 
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above) and Crambus  sperryellus 
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and the probability of a weak fifth when 
the summer weather is prolonged. Of these 
the second and third broods, which reach 
their peak in July and August respec- 
tively, are responsible for most of the 
damage recorded. Larvae of the fourth 
brood normally overwinter in silken shel- 
ters below the surface of the soil and emerge 
in April and May of the following year. 
Although the existence of four broods can 
be made out, there is so much overlapping 
that it is practically impossible to time 
control applications as recommended for 
eastern species. 

Although a few internal parasites have 
been recorded, sod webworms seem to be 
singularly free from this type of natural 
control. However, an undetermined dis- 
ease presumably of bacterial origin killed 
great numbers of worms early in the fall 
of both 1938 and 1939. Yellowjackets and 
blackbirds are the more important preda- 
tors but seldom effect control. 

DiaGNosis.—Damage by web- 
worms is restricted mainly to bluegrass, 
Poa pratensis, or bent grass, Agrostis pal- 
ustris, and a strong preference is shown 
for new lawns. Symptoms of infestation 
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are a general unthrifty appearance of the 
lawn in spite of watering and fertilization, 
followed by the appearance of rapidly 
widening brown spots. These spots may 
start in the middle of the lawn or at one 
side, but shaded sections are usually ex- 
empt. In badly infested spots definite 
signs of feeding marked by irregularities 
of grass height should be evident. It is not 
always easy to distinquish webworm dam- 
age from associated ills to which lawns 
are heir, but the actual presence of worms 
can be demonstrated by pouring a pyr- 
ethrum solution over the grass. A satisfac- 
tory testing solution is made by diluting 
one part of water-soluble pyrethrum ex- 
tract containing about 2 per cent pyr- 
ethrins with 400 parts of water. If a gallon 
of this mixture is applied to the square 
yard, all but the smallest worms can be 
counted as they wriggle to the surface. In 
moderate infestations 50 to 100 worms 
can be counted to the square yard while 
heavy infestations may show as many as 
750 worms in the same area. 

As a rule, the pyrethrum test will also 
bring to the surface such associated in- 
sect cutworms and_ skipper* 
larvae. 

Contro..—Early work on the taxon- 
omy and biology of the webworms in this 
country was done principally by Felt 
(1894) and C. H. Fernald (1896). For the 
most part their papers listed the species, 
gave keys, figures, short descriptions, and 
in some cases notes on habits, distribu- 
tion, and food plants. However, the foun- 
dation for recent studies was made by G. 
G. Ainslie in a series of excellent papers 
published between 1918 and 1930, each of 
which treated a separate species of Cram- 
bus. Although Ainslie presented a careful 
study of bionomics, he gave no practical 
methods of control and it was left to later 
authors to propose the variety of control 
measures in use at the present time. 

The status of control methods prior to 
1930 is exemplified by a statement made 
by Ainslie (1930) in regard to Crambus 
teterellus Zincken that “No practical 
methods of control have been devised for 
this or any other species of Crambus larvae 
working in sod lands.”’ According to 
Jewett (1939) he and W. A. Price sue- 
ceeded in controlling sod webworms in 
lawns in 1930 and 1931 by means of a ker- 
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osene and soap emulsion. The use of either 
kerosene emulsion or a pyrethrum extract 
was recommended by Noble (1939). 
North & Thompson (1932) stated that a 
lead arsenate spray at 2 pounds to 1,000 
square feet was a promising remedy. Pet- 
tit (1932) advised the use of pyrethrum 
estract, kerosene emulsion, or a soil treat- 
ment of lead arsenate at 5 pounds to 
1,000 square feet. Campbell & Stone 
(1937) reported excellent control with a 
solution of dichloroethy! ether. A review 
of control methods is given by Jewett 
(1939) who recommends pyrethrum ex- 
tract, kerosene emulsion, or a lead arse- 
nate spray of 2.5 pounds to 1,000 square 
feet. The last named author made compar- 
ative tests of kerosene emulsion, a pro- 
prietary aliphatic thiocyanate, barium 
carbonate, nicotine oleate, lead arsenate, 
pyrethrum extract, derris powder, di- 
chloroethyl ether, and cuprous cyanide. 
Of these only the three mentioned above 
gave staisfactory control. With the di- 
chloroethyl ether only 31 to 74 per cent 
control was obtained when applied at the 


rate recommended by Campbell and 
Stone. 
In 1938, 1939, and 1940 the writer 


made a series of experiments comparing 
acid lead arsenate, natural cryolite, pyr- 
ethrum extract containing 1.9 per cent 
pyrethrins, derris extract containing 2 per 
cent rotenone, dinitro-ortho-cyclohexyl- 
phenol, 8, 8; dichloroethyl ether, and two 
proprietary products containing dichloro- 
ethyl ether. Kerosene emulsion was not 
tried because the danger of injury from 
improper use and the difficulty of its prep- 
aration made it appear undesirable for 
use by the home owner. 

All experiments were conducted in the 
field on infested lawns in the vicinity of 
Los Angeles. The general procedure was 
to mark off the lawn into sections of four 
square yards or more and roughly ascer- 
tain the number of worms present by 
applying to one-quarter square yard areas 
of each section the pyrethrum testing so- 
lution previously described. The lawn was 
then treated and after three days the 
pyrethrum check was repeated in differ- 
ent one-quarter square yard areas. This 
check was made once a week for several 
weeks in treated as well as untreated sec- 
tions. In this way a fairly accurate picture 
was obtained of the effectiveness of each 
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insecticide from the standpoint of both 
immediate and prolonged kill compared 
with the normal fluctuation of population 
in untreated portions of the lawn. 
Excellent temporary control approach- 
ing 100 per cent was achieved in a large 
number of trials through the use of lead 
arsenate at 5 pounds to the thousand 
square feet in 50 gallons of water, dichloro- 
ethyl ether diluted 1 to 400 in water at 
one gallon to the square yard, and pyr- 
ethrum or derris extract at the same dilu- 
tion and quantity. A sprinkling can was 
used in all cases and the dichloroethyl 
ether solution was prepared by placing 
the proper amount in the bottom of the 
ean and filling the can with a hard spray 
from a garden hose. This method also 
made a very satisfactory suspension of 
lead arsenate. Kills approximating 80 per 
cent were obtained by increasing the dilu- 
tion of both the pyrethrum and dichloro- 
ethyl ether solutions to 1 to 800 and by 
using lead arsenate at 3 pounds to 1,000 
square feet. With mixed populations of 
webworms it was found that the majority 
of surviviors after the last treatment were 
well grown specimens of Crambus sperryel- 
lus, indicating a differential in the resist- 
ance of the two species. A single test of ery- 
olite at5 pounds to 1,000square feet gave a 
very good kill but severely burned a blue- 
grass lawn. Dinitro-o-cyclohexylphenol, 
1 to 1,000 by weight in water, at one gal- 
lon .to the square yard gave approxi- 
mately 70 per cent kill in two tests. 
Although the temporary results with 
sufficient strengths of lead arsenate, pyr- 
ethrum, derris, and dichloroethyl ether 
looked promising, subsequent weekly 
checks altered the picture. During July 
and August of 1939 and 1940 reinfestation 
and severe damage occurred in practically 
every Case except where lead arsenate had 
been used. In most cases if the latter was 
used with an adhesive and allowed to dry 
thoroughly on the grass, no reinfestation 
took place even when untreated sections 
of the same lawn remained heavily in- 
fested throughout the season. In the 
author's opinion the majority of unsatis- 
factory reports on the effectiveness of lead 
arsenate in California can be laid to its 
use at insufficient strengths or to the 
method of application. As the worms feed 
on the crown and grass blades, the use of 
a soil mixture or of a dust which will 
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quickly water down is obviously ineffi- 
cient. In order to increase adhesive quali- 
ties 2 pounds of white flour was used by 
the author to every 5 pounds of lead 
arsenate and the mixture was allowed to 
dry thoroughly on the grass before water- 
ing. A light medium emulsive oil at 2 per 
cent was substituted in a number of cases 
for the flour but did not seem to be any 
more efficient and was more difficult to 
handle. Several instances have come to 
the attention of the author in which rein- 
festation apparently took place after the 
above recommended treatment of lead 
arsenate. In one case the insecticide was 
assiduously washed from the grass blades 
several days after treatment and a rein- 
festation became serious about a month 
later. The other cases occurred in those 
areas of Fresno and Riverside counties 
where excessive heat requires daily water- 
ing. Under such conditions two applica- 
tions during the season of 10 pounds of 
lead arsenate and 4 pounds of flour may 
be necessary. 

Occasional claims are made as to injury 
caused to sod by excessive amounts of 
lead arsenate. On the contrary, as pre- 
viously stated by other authors, grass has 
a great tolerance for this insecticide. Al- 
though the tolerance varies with different 
species, no injury is anticipated from 
yearly applications at 5 pounds to 1,000 
square feet where a normal amount of 
watering takes place. No injury to young 
seedlings of bent grass has been observed 
by the author from lead arsenate at the 
above strength on one month old lawns of 
bluegrass and bent grass, or on estab- 
lished lawns. In an attempt to demon- 
strate injury by excessive dosages, one 
flat each of year old Kentucky bluegrass 
and Washington bent were sprayed at 
weekly intervals, starting with acid lead 
arsenate and flour at the rate of 5 pounds 
and 2 pounds respectively to 1,000 square 
feet and increasing the strength each week 
until treatments were discontinued two 
months later. At this time the grass had 
received a total quantity of lead arsenate 
corresponding to nearly 1,000 pounds to 
1,000 square feet. No definite injury could 
be discerned at any time by comparison 
with five untreated flats of each type of 
grass. Subsequently the treated flats ex- 
hibited a pronounced stimulation marked 
by thicker and more rapid growth. No 
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injury is evident at the time of writing, 
some seven months from the date of the 
last treatment. However, it is true that 
the flats in question were not subject to 
the packing effect of walking and mowing. 
It is common practice among greenskeep- 
ers to run a machine bearing sharp cutting 
blades over the greens to counteract the 
supposedly increased packing after re- 
peated treatments with lead arsenate. 

Summary.—The two species of sod 
webworms known to damage lawns in 
California are Crambus bonifatellus and 
C. sperryellus Klots. The former occurs 
especially along the coast and the latter 
predominates in the dryer inland valleys. 
Bluegrass and bent grass lawns are fa- 
vored. It was found that the California 
species can complete theircyele in six weeks 
or less in warm weather, and four genera- 
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tions are normally completed in a year, 

Temporary control was obtained by the 
use of sprays containing pyrethrum ex- 
tract, derris extract, and dichloroethy| 
ether, but none of these treatments pre- 
vented reinfestation in three weeks to a 
month’s time. Therefore, it was necessary 
to repeat the treatment from one to three 
times during the summer. Lead arsenate 
used at the rate of 5 pounds to 1,000square 
feet in 50 gallons of water with 2 pounds 
of white flour added as an adhesive gave 
excellent temporary control and retained 
its effectiveness throughout the season 
under most conditions. Where watering is 
done every day it may be necessary in 
some cases to make two applications a 
month apart using 10 pounds of lead ar- 
senate and four pounds of flour to 1,000 


square feet.-7-15-40. 
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Females of the San Jose Scale Rendered Unproductive 
by Lime-Sulfur 


M. A. Yoruers, 


Many workers on the control of the 
San Jose scale, Aspidiotus perniciosus 
Comst. have found that some, and often 
a considerable proportion, of the over- 
wintering scales survive various dormant 
sprays. Melander (1923), Ackerman 

1923), Abbott et al. (1926), and New- 
comer & Yothers (1931) reported thata 
number of these scales survived treatment 
with lime-sulfur. 

Newcomer & Yothers (1929) in a pre- 
liminary note stated that many female 
scales which survived applications of lime- 
sulfur during the dormant period and grew 
to apparent maturity did not produce 
young, even though they remained alive 
through most of the following growing sea- 
son. Pierce (1938) found that most of the 


S De partme ni of fur r ulture. 


Buri tu f Ent ” togy rrudl P ” fd 


females of the obscure scale, Chrysompha- 
lus obscurus surviving applications of 2, 3, 
and 4 per cent oil-emulsion sprays failed 
to develop eggs and produce young. Ae- 
cording to Pierce these results confirmed 
unpublished findings by Howard Baker. 
Neither Pierce nor Newcomer & Yoth- 
ers offer any explanation for this sterility 
of female seales. In the present paper a de- 
tailed record is given of observations and 
experiments which were conducted to 
throw light on the problem and which sug- 
gest an explanation of the failure of 
sprayed female scales to produce young. 
Repeated examinations in 1925 and 
1927 of females from trees sprayed with 
lime-sulfur showed that these females had 
not been fertilized or that they had been 
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in some way rendered sterile by action of 
the spray. Critical examination of the re- 
productive organs under the microscope 
revealed no deleterious effects of the spray. 
This lack of visible causes did not, how- 
ever, mean that it could not have been the 
direct result of the action of the spray. 
Dead scales soon lose their bright or- 
ange color and become dry and mealy. Re- 
peated examination of the apparently live 
individuals showed them to be from bright 
orange to pale straw yellow, soft, pliable, 
and full of a transparent, watery fluid. 
Owing, in part at least, to the absence of 
young embryos within them, their general 
color was somewhat paler and more nearly 
transparent than that of bearing females. 
Their mouth parts continued their hold in 
the plant tissue. Fat globules and repro- 
ductive organs were present, and secreting 
glands generally visible and = in 
healthy, normal condition, secreting white 
waxy filaments posteriorly and dorsally. 
In 1925 and 1927 and again in 1929 
scales sprayed in March with lime-sulfur 
at 3 to 4 degrees Baumé survived in con- 
siderable numbers. The males surviving 
the longest developed to the adult winged 
stage but they all died about the middle of 
May without being able to emerge. Fe- 
males, however, continued to live and de 


were 


velop throughout the season until as late 
as the middle of September, but none bore 
offspring. Throughout these years of ob- 
servation no young were found within any 
of these surviving females and no young 
were produced. 

LABORATORY AND Fieip Trests.—In 
1929 five principal tests were made; these 
are briefly summarized in the following 
paragraphs. Tests 1 to 4 were begun on 
May 16 and test 5 on May 17. 

Test 1. To determine whether unferti- 
lized females produce young and the lon- 
gevity of unfertilized females, all dead and 
male scales were removed from a twig, 
leaving about 100 unfertilized females. 
This twig was confined in a celluloid cell 
plugged with cotton. Most of these unfer 
tilized females were still alive on June 27, 
but none contained embryos, nor had they 
produced any young. The cage was acci- 
dentally broken open and the total lon- 
gevity of these insects was not determined. 

Test 2. Test 2 was conducted in a cell 
similar to that used in test 1, but both 
male and female scales were left in the 
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cage as a check on normal conditions. The 
first young crawlers were observed on 
June 12. By June 20 they were observed in 
great numbers and by June 27 there were 
so many present that they gave the twig a 
grayish color. This cage was also broken 
open and the final results were lost. 

Test 3. Test 3 was also similar to test 1. 
All males were removed in the pupal stage. 
Every few days up to July.6 from 10 to 20 
females were removed and dissected under 
the microscope for embryos. None had 
produced young and none were found to 
contain young upon dissection. 

Test 4. Sceale-infested twigs that had 
been sprayed with lime-sulfur were placed 
in a jar with about an inch of water in the 
bottom to prevent drying. The jar was 
covered with cloth to prevent the escape 
of the males if any emerged. No males had 
emerged up to June 6, when the final ex- 
amination was made, although emergence 
of normal male scales had occurred from 
May 15 to 22. All males had died, pre- 
sumably from the effect of the lime-sulfur, 
before they could emerge, most of them 
while transforming from pupae to adults. 
About 7 per cent of the females were still 
alive on June 6, but none had borne 
young or contained embryos. 

Test 5. All female scales were removed 
from an unsprayed scale-infested twig, 
just as males were beginning to emerge. 
This twig was then tied to a young pear 
tree close to sprayed scales, to allow emerg- 
ing males to fertilize spray-surviving fe- 
males. The twig was suspended in a jar of 
water to prevent drying, and left for sev- 
eral days. By June 27 the females had 
produced no young and contained no em- 
bryos. The males possibly did not find the 
females, or the females could not be ferti- 
lized, or the spray may have been repellent 
or lethal to the males. 

Howard & Marlatt (1896) state that 
“It is very probable that many females 
have union with the males in the fall, but 
the majority of them are unquestionably 
immature, and are fertilized in this lati- 
tude (Washington, D. C.) early in April 
by overwintered males. ...°” According 
to the observations of the present writer, 
fertilization in the fall in the Pacific North 
west is probably rare, if it occurs at all, 
since females not fertilized in the spring, 
either as a result of the elimination of 
males by removal or by their having been 
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killed by sprays, were in all cases sterile. 

These experiments indicate that the un- 
productivity of female San Jose scales 
sprayed with lime-sulfur may be due to 
the action of the spray on the generative 
organs or to lack of fertilization on ac- 
count of death of the males by the spray. 
The opinion of the writer is that it is due 
to the latter, for the males are known to be 
more susceptible to spray action, all of 
them often being killed when a considera- 
ble proportion of the females survive. 
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In determining the control value of 
scalecides this factor of sterility of the 
surviving females should be taken into 
consideration. A survival of unproductive 
females, since they neither migrate nor 
reproduce, may be considered as of little 
consequence as far as injury or potential 
harmfulness is concerned. Final determi- 
nation of the effect of a treatment should 
be made after eggs or young have had 
time to develop or at least to become dis- 
tinguishable within the females. —7-15-40, 
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Further Notes on Bathyplectes curculionis and the Alfalfa 
Weevil in Lowland Middle California 


A. E. Micuevsacuer, University of California, Berkeley 


The influence of the larval parasite 
Bathyplectes curculionis (Thomson) upon 
the population of the alfalfa weevil, Hy- 
pera postica, in lowland middle California 
from the time the former was introduced 
in 1933 and 1934 through 1938 has been 
previously discussed Michelbacher (1940). 
Since that time the investigation has been 
continued. In lowland middle California 
the alfalfa weevil is found in three areas 
having different climates. These are: The 
region adjacent to the San Francisco Bay, 
the agricultural area surrounding Pleas- 
anton, and the northwest portion of the 
San Joaquin Valley. The regions are contig- 
uous, but are separated from one another 
by ranges of hills, and the climate be- 
comes more continental from the first to 
the last named region. It has been found 
that B. curculionis is most effective in the 
areas having the more moderate climates. 
In these climates the period of adult para- 
site activity is longer than in the more se- 
vere climate of the San Joaquin Valley. 
The parasitism trends in 1939 substan- 


tiated the findings of previous years, and 
are graphically shown in figure 1. The 
graphs were prepared in the manner re- 
ported by Michelbacher (1940). In the re- 
gion adjacent to the San Francisco Bay 
and in that about Pleasanton the amount 
of parasitism was high and the alfalfa wee- 
vil population was small. In the northwest 
portion of the San Joaquin Valley the de- 
gree of parasitism was less and the alfalfa 
weevil population was considerable. 

This investigation offered an unusual 
opportunity for study because both of the 
insects involved had been recently intro- 
duced into the areas under consideration. 
In most cases insects studied are already 
in a state of equilibrium with their envir- 
onment, and frequently it is difficult to 
differentiate between physical and biotic 
effects upon the population. There can be 
no question but that the physical environ- 
ment is very important in determining 
populations. However, in this regard 
Nicholson (1937) stated “*While almost all 
factors in the physical and biotic environ- 
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ments of an animal may exercise some in- 
fluence on its population density, compe- 
tition is the only factor capable of regulat- 
ing or governing populations.”’ He goes on 
to show that the study of physical ecology 
cannot by itself give any information 
whatever about the actual population 
density of a species, but in order to know 
why a particular species has a certain 
abundance it is necessary to know how 
competition acts within the species. While 
an insect may usually be most abundant 
in regions where the physical environment 
is the most favorable, Nicholson shows 
that this need not always be the case. In 
lowland middle California observations 
made on the alfalfa weevil give evidence 
to support this contention. It certainly 
appears that the pest is most abundant in 
an area which, so far as the physical en- 
vironment is concerned, is not the most 
favorable. The alfalfa weevil was found in 
lowland middle California in 1932. At 
that time it was found most abundant in 
the region about Pleasanton and the area 
adjacent to the San Francisco Bay. This 
condition existed until after Bathyplectes 
curculionis had been introduced into the 
infested area and had time to build up in 
population. After this occurred, the high- 
est populations were found in the San 
Joaquin Valley, and especially at Pleas- 
anton the population has decreased to a 
point where at most times any stage of the 
alfalfa weevil is difficult to find. The pop 
ulation has been so small that during re- 
cent years it has been nearly impossible to 
find enough alfalfa weevil larvae to con- 
duct satisfactory parasitism studies. In or- 
der to demonstrate the changes that have 
occurred in the three different regions ta- 
ble 1 has been prepared. The largest num- 
ber of larvae and adults collected to the 
100 sweeps in each of the areas for each 
year is shown. 

It would have been desirable to have 
had an opportunity to study the alfalfa 
weevil for several more years before Bath- 
yplectes was introduced into the infested 
area. If this had been done a better meas- 
ure of the normal variation in the density 
of the alfalfa weevil population in the ab- 
sence of the parasite would have been ob- 
tained. However, all the evidence indicates 
that the greatest alfalfa weevil population 
density has shifted from a region having a 
more favorable physical environment to 
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curculionis. 
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one having a less favorable physical en- 
vironment. The reason for this unques- 
tionably lies in the fact that the region 
that has the most favorable physical en- 
vironment for the alfalfa weevil is 
relatively more favorable to Bathyplectes 
than is the physical environment of the 
San Joaquin Valley. In the former region 
Bathyplectes finds conditions so favorable 
to its development, and is so successful, 
that it is difficult for the alfalfa weevil to 
maintain any appreciable population. 


Table 1.—Trend of the maximum populations 
of the Alfalfa Weevil, 1933 to 1939. 





Nomper or Weev 
aN Insect Net 


ILS PER 100 SWEEPS OF 


Northwest 
portion San 


Jo aquin Valley 


San Francisco 
Bay Pleasanton 
Region Region 
Adults Larvae Adults Larvae Adults 


Year Larvae 





1933 1.762 128 6.482 205 642 | 
1984 2,020 1038 4.187 sO 1,194 jl 
1935 1,444 77 727 108 1,672 +7 
1936 1.573 65 832 27 5.898 108 
1937 4 ‘ Sz 8 2,072 151 
1988 oes 7 189 37 5.300 419 
1989 158 10 90 4 6.058 141 
Competition is so severe that the weevil 


population is reduced to a point where its 
density is considerably than that 
found in a less favorable area. Had not an 
opportunity been afforded to study the 
weevil before Bathyplectes was introduced, 
it is very likely that the physical environ- 
ment of the northwest portion of the San 
Joaquin Valley would have been thought 
to be more favorable to the pest than the 
more moderate climates nearer to San 
Francisco Bay. 

In the more moderate climates it is pos- 
sible that parasitism is so complete as to 
tend to obscure the spread of the weevil. 
During the spring of 1940 some evidence 
was obtained that indicates that this is the 
case. Since the alfalfa weevil was discovered 
in lowland middle California in 1982 but 
little extension of the infestation was ob- 
served in the coastal region south of San 
Francisco Bay. The climate of this region 
is one that is highly favorable to the pest 
and for that reason its failure to spread 
into this area created a puzzling problem. 
However, on surveys made on April 11 
and May 2 the alfalfa weevil was taken in 
one locality outside of the known infested 
region. This was in a field about 1 mile 
south of San Jose. On April 11, two adult 
Bathyplectes curculionis were taken, and 
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on May 2, one adult alfalfa weevil and 6 
Bathyplectes were taken in 2 50 sweeps. On 
each survey a specimen of Bathyplectes 
was taken at the southmost point covered 
by survey, which was about 14 miles south 
of Hollister. If the finding of the parasite 
also indicates the presence of the alfalfa 
weevil, then the extension of the weevil 
infestation in the coastal area is increased 
in an air line distance by at least 60 miles, 
It would also mean that parasitism has 
been so effective that the spread of the al- 
falfa weevil went unnoticed. That the 
weevil occurs so far south must remain in 
doubt until specimens are actually col- 
lected. Nevertheless, the climate of the 
region is one that is known to favor nearly 
complete parasitism, and for that reason 
it would be possible to conduct a survey 
without picking up the alfalfa weevil. T his 
conclusion is reached from the study of 
the alfalfa weevil about Pleasanton. In 
1933 and 1934 as many as 500 to 6,000 lar- 
vae could be collected with 100 sweeps, 
while during the past season it was not 
uncommon to sweep as many as 3 or 4 
fields without picking up a single speci- 
men. 

If the weevil actually exists as far south 
as the survey would indicate, then further 
light is thrown on the probable point at 
which the pest became established in low- 
land middle California. It is possible that 
it was established in the San Joaquin Val- 
ley, and spread into the cooler regions 
from there. In 1932, when it was first dis- 
covered, it probably had just recently 
spread into the region adjacent to San 
Francisco Bay, and had not had time to 
extend into the region south of that area. 
However, there was actually no barrier, 
and the weevil did extend its range, but as 
already stated went unnoticed because of 
the depredation caused by Bathyplectes 
curculionis. 

The effect of Bathy ple ctes curculionis on 
the alfalfa weevil has been very remarka- 
ble. In the cooler regions it has greatly re- 
duced the alfalfa weevil population. If 
conditions do not change considerably and 
Bathyplectes is in equilibrium with the en- 


vironment, this will constitute an out- 
standing case of biological control. It 1s 


rather certain, though, that Bathyplectes 
has not come to an equilibrium with its 
new environment. This is suggested by 
the fact that from a large number of c¢o- 
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coons collected in the alfalfa fields near 
Tracy on April 24, 1940, seven hyper- 
parasites belonging to the genus Euptero- 
malus' were reared. What effect this 
secondary parasite will have upon the 
effectiveness of Bathyplectes remains to 


be seen. 
SumMaAry.—In lowland middle Cali- 
fornia the larval parasite Bathyplectes 


curculionis (Thoms.) has had a marked 
effect upon the alfalfa weevil. It has been 


most effective in the cooler coastal re- 


[ am indebted to Mr. P. H. Timberlake for the identification 
of the parasite 
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gions where it has played an important 
part in reducing the alfalfa weevil popu- 
lation. Parasitism is much more complete 
than in the warmer more continental San 
Joaquin Valley. Because of the effective 
parasitism in the cooler region, the alfalfa 
weevil population is smaller than that 
found in the San Joaquin Valley, which 
is rather remarkable, for our investiga- 
tion would indicate that the physical 
environment of the San Joaquin Valley 
is less suited to the alfalfa weevil than 
that which is found in the cooler coastal 
7-15-40. 


regions. 
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Hlydrocyanic Acid Dosages in Relation to Control by 
Fumigation of Red Scale Aonidiella aurantii (Mask.) 
on Citrus' 


\. F. Swain and R 


For the past twenty-five the 
problem of control of red seale, Aonidiella 
Mask.) on citrus, particularly 
lemons, in California has an in 
creasingly difficult one. A major factor 
in this has, of couse, been the appearance 
and spread of the resistant strain of this 
a considerable 


years 


aurantii 
been 


insect, which now infests 
acreage in the State, generally the foot 
hill districts of Los Angeles, Riverside, 
San Bernardino and Orange counties 
Quayle 1938). Further factors influencing 
the increased severity of this problem are 
higher standards in packed fruit than 
formerly and lower from fruit 
produced, causing lessened expenditures 
which in turn 


incomes 


for control of the seale, . 
results in heavier infestations. Continued 
research over this entire period since re- 


sistant red scale was first recognized 
greatly increased in the past decade, 


failed to solve the problem. In spite of 
all attempts to find more efficient insecti- 
cides, fumigation with hydrocyanic acid 
still remains the most satisfactory method 
of control of red seale. 

Contribution of the Entomological Laboratory of E. I 


lu Pont de Nemours & Co. Inc. The R. & H. Chet ils De 
partment, El] Monte, California, May 28, 1940 


P. BUCKNER 


Fortunately the resistant scale is no 
less susceptible to hydrocyanic acid fumi- 
gation than when first observed, but the 
area infested has been greatly extended 
Quayle & Dickson).? Under conditions 
most favorable for scale growth and re- 
production, fumigation once a year at 
the standard dosages of hydrocyanic acid 
has been insufficient to effect satisfactory 
control, or for that matter to prevent an 
increase in infestation. In some localities 
a fumigation every eight and even every 
six months has been necessary. 

Under such conditions the question has 
arisen whether it is more economical to 
raise the dosage and with the resultant 
lower percentage of scale surviving to ex- 
tend the time between fumigations, or to 
reduce the dosage and fumigate more 
often. In other words, the question is 
“What is the most economical dosage to 
use for the control of resistant red scale?” 

If, starting with a small number, the 
population of an insect is plotted over 
time, a sigmoid curve is formed, subject, 
of course, to oscillations (Smith 1935). 
Such a curve indicates that population 
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growth at first tends toward a geometric 
increase, but as density becomes greater 
the rate of increase is reduced until finally 
an equilibrium is reached at which deaths 
equal births. This is what theoretically 
would occur where no control measures 
are practiced. However in a commercial 
citrus orchard the population of red scale 
cannot be permitted to reach a natural 
equilibrium or even approach that point, 
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gation, Corona 1935-36 


for the damage would he so serious that 
such an orchard would have passed out 
of commercial production. Since, there- 
fore, in commercial orchards the condition 
represented by the upper portion of such 
a population curve is not permitted, it 
may be assumed that the population 
growth of red seale is geometric up to 
the point where an insecticidal treatment 
causes a sudden break downward in the 
curve. This means, briefly, that for any 
one period of time the rate of population 
increase is the same whether starting with 
one or more scales, as long as the popula- 
tions are within the density range per- 
missible in a commercial orchard. 
FUMIGATION ExXpeRIMENTsS.—- During 
the fall and winter of 1935-36 a series of 
orchard fumigation experiments® was car- 
ried on in a lemon orchard in Corona, 
where in each row of trees six were fumi 
gated at the 14 ec. dosage,’ six at the 16 


Appreciation of t e excellent cooperat nof D. A. Neweo 


Foothill Lemon Co., Corona, in the carrying out of se €xp 
ments is acknowledged by the writers 

‘ These refer to standard HCN dosage schedules that are in 
general use in California, and indicate the number of cubic 
entimeters of HCN pe mit. The number of units per tree is 
determined by measurements of the tree and have been calcu 
ited on the basis of one unit per 100 cubic feet in mediun 
sized trees arying on larger and smaller as the ratio of volume 


to suriace changes 
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ec. and so forth up to and including the 
26 cc. dosage. In all, 60 such rows were 
fumigated, totaling approximately 2,500 
trees. Shortly thereafter mortality counts 
of mature red scale were made, the seale 
on fruits from every tree where infested 
fruits were present being counted. The 
results of these counts are show n in terms 
of probits plotted over the logy) of HCN 
dosage in figure 1. Using these findings 
the following calculations were made to 
determine a theoretical, most economical 
dosage. From this dosage mortality curve, 
expected percentages of surviving scale 
were calculated for dosages ranging from 
10 ce. to 60.ce. per unit (Table 1, column 2), 
\ssuming, as has been done, that popula- 
tion increase is a geometric function, it 
is evident where logiy of population den- 
sity is plotted over time, that the time 
required for any number of seales less than 
any given number to to that 
given Is a definite percentage of the time re- 
quired for one scale to increase to that same 
given number. This is proved by the geo- 
metric theorem that a line parallel to one 
side of a triangle divides the other two 
sides into segments having equal ratios. 
The ratio of such time has been calculated 
Table 1, column 3) for the expected per 
cent surviving for 
Next, the cost of fumigating a tree at the 
various schedules was calculated using as 


increase 


scale each dosage. 


Table 1.—Selected Cost Efficiency Data. 





Base Time 
SUK ING “CALF { Os 
HON Expr PD Oo INCREASE 1 kom 4 
Pen SUR NG On NAI 16 Unt Coat 
Unit SCALE Poruta ’ Put ErricteNncy 
10 ee 1). O20 26.150 28 Ne 1.1052 
40) 7.570 56.045 19.76 7TOO4 
“ + 40 SO). 00 0.64 6253 
th) O48 OL. S85 61.52 HOs2 
ri) 415 119.100 72.40 6079 
60 200) 134.9050 83.20 6172 





a basis a tree requiring 16 units of HCN 
at 18 cents for coverage and 44 cents per 
pound for HCN (Table 1, column 4). 
Finally a cost-efficiency figure was ob- 
tained by dividing the cost of fumigation 
by the per cent of base time it requires the 
surviving scale to increase to the original 
population (Table 1, column 5=column 4 
divided by column 3 

When the  cost-efficiency factor is 
plotted over the logy) of the dosage (Fig. 
2), it is seen that the low point is in the 
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vicinity of 40 to 42 ce per unit. This low 
point in the curve will vary according to 
the relative costs of tent coverage and the 
unit price of hydrocyanic acid, but it in- 
dicates that dosages much higher than 
those in general use are the most eco- 
nomical. As previously stated, this is en- 
tirely theoretical and does not take into 
account the varying susceptibility of red 
scale to HCN at different seasons of the 
year and in different stages of develop- 
ment. 

Fietp Tests.—Following this study, 
field tests in various localities of Southern 
California were inaugurated in which por- 
tions of lemon groves were fumigated com- 
mercially at different dosages, principally 
24 cc. (the maximum dosage in general 
use), and 28 cc., although in a few cases 
higher dosages were used. Prior to fumi- 
gation each tree in every test block was 
carefully inspected and given a numerical 
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curve as shown in figure | and 


calculations in table 1 


dosage-mortality 


value as to degree of infestation, such 
ratings ranging from zero (no seale found 
to 4 portions of the tree encrusted with 
scale and some branches killed). It was 


originally planned to make such ratings 
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at periodical intervals after fumigation 
for a year or more, but in many cases it 
was not possible to carry this through 
hecause of such reasons as the necessity 
of controlling red mites, lack*of complete 
cooperation by the grower, and so forth. 
However it was done in several cases, the 
results of which are discussed below. 
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Fig. 3.—Dosage-mortality curve, red scale fumiga- 


tion, miscellaneous orchards 1937-39. 


Following fumigation, mortality counts 
were made and in all cases, as would be 
expected, a definite difference in scale 
kill was found between dosages. In Fig. 
3 results from five such tests are shown 
graphically as per cent scale kill in terms 
of probits over the logy) of the dosage. It 
is quite interesting to note that the slopes 
of the dosage mortality curves are ap- 
proximately parallel and that there is a 
wide range between the curves. This lat- 
ter is to be expected for Curve A is based 
on the seale kill in a grove in Escondido 
infested with the normal strain of red 
scale, and Curve E is from a grove in 
Kast Whittier where the resistant strain 
of seale is prevalent, while in the other 
groves varying degrees of resistance are 
noted. 

During the past three years data on pre- 
fumigation infestation and later infesta- 
tion ratings have been obtained in five 
lemon groves.’ The susceptibility of the 
scale to hydrocyanic acid vapors ranges 
from normal or non-resistant (Orchards 
\ and I) to highly resistant (Orchard F). 
Table 2 gives the pertinent data on these 
experiments. 

Orcuarp G.—In there 


this orchard 


The hearty cooperation of certain pest control operators, 
growers and others is acknowledged, espec ial thanks being due 
to Otto Baty of San Fernando, W. L. Worthy, Field Entomol- 
ogist of the Los Angeles County Agricultural Commissioner's 
staff, and C. L. Holmes of Murphy Ranch Co., Whittier 
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Table 2.—Summary of data—field fumigation 
experiments 1937-1939 inclusive. 





TREES 
PRacti 
INFESTA CALLY 
Dos- Numper Dates o1 rlON FREE FROM 
AGE or INsSPE« RATING SCALE 
HCN Trees TION MEAN O+1 
Orchard G—Fumigated February 23, 1987 
24 ec s0 Feb. 1937 1.57 60.0%; 
Mar. 1988 0.85 77.8 
28 80 Feb. 1937 1.41 2 5, 
Mar. 1938 0.54 92.5 
L.s.D 29 


Orchard H Fumigated March $31, 1937 


24 0 Mar. 1937 2 61 250° 
Aug. 1937 1.038 71.7 
28 60 Mar. 1937 2.38 23.3! 
Aug. 1957 0.17 O67 
Ls.D 0.40 
Orchard A——-Fumigated January 6, 1938 
Jan. 1988 5.91 Oc; 
24 23 Dec. 1938 1.30 73.9 
Oct. 1939 1.52 52.2 
Jan. 1938 5.95 ac; 
27 21 Dec. 1938 1.10 oO 5 
Oct 1989 1.52 52.4 
Jan. 1938 t 00 
0 7 Dec. 1958 1.00 
Oet 1989 1.50 
L.s.D 0.18 


Orchard F—Fumigated February 20, 1939 


4 72 Feb. 1989 1.96 47. 2° 
De« 1989 3.33 22.2 
28 72 Feb. 1989 2.21 20). 4' 
Dec. 1989 2.33 20.8 

L.S.D 0.54 


Orchard I Fumigated March 3, 1989 





24 76 Mar. 1989 1.55 55.60) 
Dec. 1989 0. 46 86.1 
28 69 Mar. 1989 2 67 23. 6°) 
Dec. 1989 0.41 ay 5 
L.s.D 0.78 
Ls.D least significant difference at the 5 point 


was a medium to light infestation at time 
of treatment and, as it is located where 
previous fumigation results would indi- 
cate the presence of some resistant scale, 
normal practice would consist of fumiga- 
tion at the 20cc. to 24cc. dosages. Dosages 
of 24 cc. and 28 ec. both resulted in the 
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infestation, a year after treatment, being 
distinctly less than at time of treatment, 
but the reduction from the use of the 28 
cc. schedule was significantly greater than 
that from the 24 ec. schedule. This is 
shown not only by the infestation ratings, 
but also by the percentage of trees prae- 
tically free from scale. 

Orcuarp H.--For years this 
orchard was fumigated at the 18 ce. sched- 
ule in the summer time, then standard 
practice in that locality, with the result 
that the seale infestation became heavier 
each year. Five months after this experi- 
mental fumigation the infestation where 
the 24 ec. schedule was used was only 40 
per cent as heavy as at the time of treat- 
ment, but where the 28 cc. schedule was 
used it was only 7 per cent as heavy. 
Unfortunately from the standpoint of this 
experiment, the owner had the entire 


several 


grove fumigated in September. The reason 
for this was not because of poor results, 
but because the results from these higher 
dosages were so satisfactory that the 
grower’s faith in the efficiency of fumiga- 
tion was revived and he desired to clean 
the grove thoroughly. Incidentally, the 
increase in amount of fruit free from seale 
from the first three picks in the summer of 
1937 was sufficient to pay the entire fumi- 
gation bill. 

Orxcuarp A.—-This orchard, located in 
Escondido, was so heavily infested with 
scale prior to the inauguration of this 
experiment that not only was there no 
fruit produced but a large proportion of 
the twigs and branches were dead. Three 
months after the fumigation the trees 
were scarcely recognizable as the same 
trees, due to new \ year after 
treatment they were so free from scale 
that no treatment was needed, and the 


growth 


difference between the 24 cc. plot: and 
those where higher dosages were used 
was significant. Between the 27 ce. and 


30 ce. dosage plots the difference was not 
significant, due partially to the small 
number of trees in the latter plot. By the 
following fall the infestations were ap- 
proximately equal in all three plots, with 
the result that the entire block was 
fumigated in December 1939. Two years’ 
control was obtained and although at the 
end of the first year there was a significant 
difference in favor of the higher dosages, 
this did not carry through for two years, 
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In the method of rating infestations, 
differences in lightly infested trees are dif- 
ficult to enumerate, 7.e., grade 1 covers 
infestations where only one scale may be 
found to two or three fruit with a half 
dozen or more scales. Consequently, while 
average ratings between 1 and 2 may not 
show a significant difference statistically, 
actually they may be different. 

From this test it would appear that 
with non-resistant red scale, although a 
dosage of 27 cc. to 30ce. results in a lower 
infestation a year following treatment, 
24 cc. was effective enough to reduce the 
scale population to such a low level that 
it was two years before noticeable num- 
bers reappeared, and the higher dosage 
did not result in enough better control 


to permit delaying of treatment any 
longer. Commercial practice in this lo- 
cality consists in the use of the 18 ec. to 


20 cc. dosages, and is successful in keeping 


the scale under control for a year. It 


would have been interesting to include 
these lower dosages in this test, but the 


condition of the trees did not warrant it. 

Orcuarp F.—-This grove was quite 
heavily infested with resistant red scale 
and a year following fumigation it was 
found that where the 28 ec. schedule had 
been used the degree of infestation was 
the same as it had been at the time of 
treatment, but where the 24 ce. schedule 
had been used it had increased approxi- 
mately 30 per cent. Neither the original 
nor the final infestations were significantly 
different between the two plots, but the 
24 cc. plot was significant. 
treatment there were 
many trees practically 
24ec. plot as in the 
vear later the per- 


in the 
time of 
almost twice as 
free from scale in the 
28 cc. plot, while a 
centages were the same. 

Orcuarp I. Results in this grove were 
in many ways similar to those in Orchard 
F, in that there was a distinctly heavier 
infestation prior to treatment in the 28 ce. 
plot than in the 24 cc. plot, but the follow- 
ing season the infestations were uniform 
throughout. Or in terms of trees practi- 
cally free from seale, the percentage in 
the 24 ce. plot was more than twice as 
high as in the 28 ec. plot prior to fumiga- 
tion, but the next winter they were the 
same. Results differed from the preceding, 
however, in that the infestation was 
materially reduced by both dosages, 70 


increase 


At the 
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per cent by the 24 cc. and 85 per cent by 
the 28 cc. dosages, whereas the higher 
dosage in Orchard F only prevented an 
increase in infestation. Apparently the 
scale population in this grove contains a 
much smaller percentage of resistant scale 
than in Orchard F. Although there is an 
apparent difference in the effectiveness 
over a period of a year between the 24 ce. 
and the 28 cc. dosages, it is quite possible 
that had this grove been left untreated an- 
other year, results similar to those ob- 
served in Orchard A would have been 
found. Actually a greater per cent reduc- 
tion in degree of infestation was accom- 
plished here than in Orchard A, so it 
would seem that insofar as commercial 
control is concerned, two years between 
treatments would have been entirely satis- 
factory. Unfortunately as the remainder 
of this grove was quite heavily infested 
this spring (1940), the grower included 
these experimental plots in the orchard 
treatment. 

Incidentally, Orchards F and I are in 
the same district and are located only a 
couple of miles from each other. Resistant 
scale is relatively new in this district and 
apparently Orchard F is in the heart of 
that portion of the area where it first ap- 
peared. Orchards, F, G, and H all adjoin 
one another. When fumigated in 1937 re- 
sults in Orchards G and H indicated an 
appreciable percentage of resistant scale, 
but definitely less than was present in 
1939 in Orchard F. Orchard I, only two 
miles distant in the same general type of 
location, has not yet become infested with 
the resistant strain of red seale. 

It would appear from these experiments 

carried on over a period of four years, that 
where the resistant strain of red scale is 
prevalent in lemon orchards, dosages of 
hydrocyanic acid higher than have been 
standard practice should be used. In these 
orchards it is quite apparent that an in- 
crease of one-sixth in amount of hydro- 
cyanic acid used, which, on average sized 
trees, is about 10 to 12 per cent increase in 
cost of fumigation, has paid added _re- 
turns. Where the resistant strain is only 
a small Page oen of the population, or is 
absent, 7.e., where a fumigation at 24 ce. 
dosage holds the infestation under control 
for two years, the evidence does not show 
any added value for a dosage greater than 
that. 
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Observations during the past few years 
of commercial fumigation and of several 
tests where various dosages have been 
compared, verify the results shown in 
these experiments. As an example, in one 
grove (E in Fig. 2) a portion of which is on 
level land and a portion on a hillside with 
southern exposure, fumigated in Decem- 
ber 1937, the 32 cc. dosage was used on the 
hillside and the 24 ce. on the flat or level 
ground. It is well known that scale repro- 
duction is greater and development faster 
in locations such as the upper portion of 
this grove (Ebeling 1933) than in the flat 
helow. Nevertheless in this case the lower 
portion required fumigation again in the 
fall of 1988, while the hillside was not 
fumigated again until the summer of 1939. 
In other words, fumigation at the 32 « 
schedule held the scale under control for 
six months longer than did fumigation at 
the 24 cc. dosage, in spite of the fact that 
the rate of increase was greater in the por- 
tion fumigated at the higher dosage. 

In this entire must be 
borne in mind that fumigation of lemons 
for the control of resistant red scale is car- 
ried on mostly in the winter months (No- 
vember to April) and all reference to the 
use of these higher dosages is based on the 
presumption that such fumigation will be 
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carried on during that period. During late 
spring, summer and early fall, the use of 
such high dosages may result in injury to 
the trees or fruit and is not recommended. 

In this connection, most of the pest con- 
trol operators in the areas where the re- 
sistant scale is prevalent have, during the 
past two years, increased the dosages used 
to 26 cc. and 28 cc. on lemons. In the dis- 
trict where Orchards F, G, H and I are lo- 
cated, the present practice is to use the 28 
ce. dosage where there is a_ relatively 
heavy infestation of scale and the 24 ce. 
schedule where lighter infestation occurs, 
The presumption is that either there is a 
greater percentage of the resistant strain 
present in the heavier populations or, due 
to favorable locations, the scale popula- 
tions increase at a faster rate and hence 
require a higher per cent killed to keep 
them at a level low enough to prevent loss 
for a period of at least a vear. 

In the Arlington Heights and Corona 
districts of Riverside County, where the 
bulk of the fumigation of lemons during 
the past two seasons has been at the 28 ec. 
dosage, the general condition of seale in- 
festations in the groves so fumigated is 
strikingly better than prior to the use of 
this high dosage.— 7-15-40. 
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\ Method for Determination of Oil-Spray Residue 
on Citrus Foliage’ 


Water Esevin / 

A rapid and simplified method for the 
determination of the oil-depositing prop- 
erties of oil sprays has recently been de- 
scribed (Ebeling 1940). This method in- 
volved the spraying of the upper surfaces 
of large citrus leaves by means of a labora- 
tory precision sprayer, from a distance of 
3.5 feet, the leaves being held in place 
against a metal plate by means of a steel 
spring clamp. The spray was applied at 
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$50 pounds pressure, with a three sixty- 
fourth-inch disk in the nozzle. Each leaf 
was exposed to the spray for 5 seconds, 
and 50 leaves were sprayed in each test 
lot. After the leaves were sprayed, they 
were fastened to Celoter boards with 
thumbtacks and were dried for a period of 
2 to 4 hours* in a cool basement with the 
aid of an electric fan. The portions of the 
leaves which had been held by the clamp 
during the spraying operation were then 
e of the leaf 
surface in 


‘Since there are no stomata on the upper surf 
t he 


the amount of oil whicl penetrate upper leaf 


this period of time is negligible 
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cut off, and the oil was removed from the 
remaining portions by washing with pe- 
troleum ether. After the washings were 
filtered, the ether was evaporated and the 
oil was weighed. 

The method outlined has been modified 
as to the method of removing the oil from 
the leaves. After the petioles and portions 
of the leaves which are held by the clamp 
during the spraying operation have been 
cut off, the leaves are sandwiched be- 
tween pieces of filter paper, which absorb 
the oil from the leaves when pressed in a 
The leaves are placed in a press (Fig. 
that their upper surfaces, from 
oil is to be removed, face the 


vise. 
1), so 


which the 





which citrus leaves are ar 


Press, in 
ranged with sheets of filter paper on top, 
the spray oil off the upper leaf surface, 


Fic. 1 1, 
to absorb 
and with 


blotters beneath, to take up the irregularities in the 


lower leaf surface, such as midribs and veins. B, 


Frame, in which the press and its contents are held 
in place W hile leaves are being placed X<O.18 


filter paper, their lower surfaces facing a 
double thickness of blotting paper. The 
purpose of the blotting paper is partly to 
act as a cushion to receive the midrib and 
veins of the leaves, so that the sheets of 
filter paper on the upper surfaces of the 
leaves will be in contact with a smooth, 
uniform surface; and partly to absorb the 
small amount of oil which reach the under 
sides of the leaves while they are being 
pressed. Ten papers, 4 inches wide and 6% 
inches long, are sufficient to remove the oil 
from 40 leaves. Papers of these dimensions 
can be cut without waste from standard 
sheets of filter paper in 20-inch squares. If 
a greater amount of oil is deposited than 
is usual for citrus oil sprays (a condition 
which might obtain in laboratory work) 
two pieces of filter paper can be used to- 
gether instead of one, in order that oil may 
not be lost by soaking through the filter 
paper and into the blotter on the other 
side of the leaves. 

Papers and leaves are pressed in a vise 
Fig. 2) for 1 minute. The oil is quickly ab- 
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The jaws of 


Fic. 2 


Leaf press in position in vise. 
the vise are fitted with wooden frames to present a 
uniform surface to the Jeaf press and to hold the 
press in place as the vise is being operated. (X0.11.) 


sorbed by the papers when they are under 
pressure and is then extracted by means of 
a “rubber extraction apparatus” (The 
Joint Rubber Insulation Committee 1917) 
which is a modified Soxhlet apparatus 

Fig. 3). The sheets of filter paper are cut 
in half lengthwise, rolled into a tight roll, 
and inserted into the siphon cup. One hun- 
dred cubic centimeters of petroleum ether 
are used for the distillation, and the ex- 
traction process requires 1 hour. 

After the extraction is complete, the 
ether is evaporated on the hot plate on 
which the distillation took place, until 
only about 10 ec. of oil and ether remain. 
This is transferred to a 50-cc. flask and in- 
creased to about 25 cc. with the ether used 
in rinsing. The 25 ec. of ether is evaporat- 
ed by directing air from an airline, with 
which the laboratory table is supplied, 
into the flask for 30 minutes, while the 





Fic. 3. with rolls of filter 


Extraction apparatus, 
paper containing the oil absorbed from upper leaf 
surfaces inserted in the siphon cups and with 100 
cubic centimeters of petroleum ether in the extrac- 


tion flasks. (0.10. 
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flask stands in a water bath at 30 degrees 
C. (Fig. 4). The air escapes from the flask 
by means of furrows cut into the corks. 

It was later found that if air is blown 
into open 50-cc. beakers containing the oil 
and ether, the evaporation can be just as 





Fic 4 


leum ether from the spray oil 


\pparatus for the es aporation of the petro- 
(ir is blown into the 
flasks and escapes through furrows cut into the sides 
of the cork stoppers The water bath in which flasks 


stand is kept at 30 degrees ( £0.15 

accurately done as by the use of flasks. 
This method has advantages, in that 
beakers are more easily cleaned and dried 
than flasks; also, since the evaporation is 
more rapid because of the larger surface 
involved, the water bath may be at the 
normal temperature of the tap water 
about 20 degrees C.). The water prevents 
ether from forming frost on the beakers. 

The oil remaining in the flask or beaker 
may be measured by gravimetric or volu- 
metric methods. The gravimetric method 
is simpler and is used in preference to 
volumetric methods when the oils in ques 
tion are sufficiently proximate in density 
so that relative weights will indicate rela 
tive volumes. 

The oil remaining after the ether is 
evaporated has a whitish appearance 
when cool. This is caused by leaf wax 
which has been dissolved off the leaves by 
the oil. A small amount of leaf wax has a 
a great effect on the appearance and vis- 
cosity of the oil, as can be demonstrated 
by adding 1 or 2 per cent of a leaf wax, 
such as candelilla, to spray oil. The writer 

Ebeling 1940) found that only 3.6 per 
cent of the oil removed from orange leaves 
by washing with petroleum ether 2 hours 
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after spraying, was composed of sulfonat- 
able waxes. Probably less wax would be 
contained in oil removed by the present 
blotter method. 

DETERMINATION OF Lear ArRgas. 
Leaf areas are determined by placing the 
leaves on large sheets of paper and cover- 
ing them with a sereen, then atomizing 
carbon tetrachloride, dyed with an oil- 
soluble dye, over the leaves. The carbon 
tetrachloride dries rapidly, leaving the 
imprints of the leaves which are to be 
measured, on the paper. Leaf areas are 
then determined by means of a planimeter 
Acetone may also be used aus aspray in ob- 
taining the leaf imprints, but carbon tet- 
rachloride is better because it eliminates 
the fire hazard and penetrates paper less 
rapidly, thus making possible the utiliza- 
tion of both sides of the sheets of paper 
upon which the leaf imprints are made. 


Table 1.—Percentages of error in processes 
involved in determination of oil-spray* residue 
on orange leaves. 
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method of oil-residue determination de- 
scribed in this paper is subject to error or 
variability from three sources: the evapo- 
ration of the ether from the oil after the 
extraction has taken place, the extraction 
of the oil from the filter papers, and the 
absorption of the oil from the leaves. 

To determine the percentage of error in 
each process, between 300 and 400 milli- 
grams of oil (the amount ordinarily de- 
posited on 40 leaves, according to the 
methods of application used in the labo- 
ratory tests) was added to 25 cubic centi- 
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meters of ether, and the ether was evapo- 
rated by the method previously described. 
Likewise, between 300 and 400 milligrams 
of oil was smeared on 10 pieces of filter pa- 
per and extracted. Then equivalent 
amounts of oil were smeared on 40 orange 
leaves, blotted off, and extracted accord- 
ing to the method outlined in this paper. 
The mean percentage of error and the 
standard deviation, based on 10 tests, are 
shown in Table 1. 

In all cases, the average recovery of oil 
was slightly greater than the amount of oil 
used in the experiment. This discrepancy 
is caused by non-volatile residues normal- 
ly existing in petroleum ether and in the 
filter paper. The mean error of the entire 
process of extraction is less than that of 
the extraction from the papers alone, the 
former being 0.22 per cent and the latter, 
0.99 per cent. The variability inherent in 
the entire process of extraction 1s greater, 
however, than that of the extraction from 
papers alone. This is shown by the relative 
standard deviations. Neither the mean er- 
ror nor the variability of the process, is 
sufficient to be of practical importance. 


Table 2.-—Amount of oil deposited on citrus 
leaves by 2 per cent heavy-medium oil spray. 





\l iGRAMS On Mitcickams On 
RECOVERED FROM RECOVERED FROM 
Tres l PpPER SURFACES 1,000 Sa. Cm 
Ni or 40 Leaves Li SURFACI 
| 79 119 
) 67 120 
4 126 
" 7 li 
) SY) 120 
6 44 117 
r] rth 111 
S 0 10) 
9 119 
10 ish -4+4 
Mear 119+ 1.24 





The amount of oil recovered and the 
variation per unit areas are shown in table 
2. The differences between lots are larger 
than may be expected from errors inher- 
ent in the processes of oil removal and ex- 
traction (Table 1) and must therefore be 
caused largely by differences in the nature 
of the sprayed leaf surfaces of different 
lots of leaves. It is also possible that with 
differs nt lots of spray, the volume of spray 
or the form of the spray stream may not 
he absolutely identical. 


PRACTICAL QUESTIONS ANSWERED BY 
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LaABorATORY OrL-Deposir Tests.—TIn 
connection with the control of scale in- 
sects on citrus trees, the question whether 
increasing dosages of spray oil will result 
in correspondingly increasing amounts of 
oil deposit on the foliage, has often been 
asked. This problem was investigated in 
laboratory tests. 


Table 3.—Effect of blood albumin spreader on 
the oil-depositing properties of oil spray.* 





Mitiicrams Orn RecovereD 
FROM 1,000 Sq. CM. oF 
LEAF SURFACE 
Per CENT 


Test On, Usep Without With 
No IN SPRAY Spreader Spreader 
I Q 132 124 
2 v 113 100 
$ 2 149 66 
} 2 129 96 
3 2 127 79 
6 5 940 196 
7 } 330 227 





* Heavy-medium spray oil and blood albumin spreader at the 
ite of 4 ounces per 100 gallons of spray were used in these tests. 
Forty citrus leaves were sprayed with 2 
per cent heavy-medium oil spray used ac- 
cording to the tank-mixture method 
(Smith 1933) and containing blood albu- 
min spreader at the rate of 4 ounces per 
100 gallons of spray. The results of the oil- 
residue determinations are shown in figure 
5. This figure shows that there is a straight- 
line relation between oil concentration in 
the spray and oil deposit on the foliage. 
Concentrations of oil above 2 per cent are 
not ordinarily used on citrus trees. 

Figure 6 shows the straight-line relation 
between oil concentration in the spray and 
oil deposit on 40 citrus leaves, in other 
tests, sprayed with a heavy-medium oil 
used according to the tank-mixture meth- 
od but with no spreader added to the 
spray. 

The relative amounts of oil deposited 
by sprays used with and without spreader, 
as shown in figures 5 and 6, should not be 
construed as indicating the differences 
which would occur were the sprays used 
under identical conditions. In these tests, 
the form of the spray stream and the vol- 
ume of spray had been changed in the pe- 
riod between the experiments. 

Actually, the addition of blood albumin 
spreader at the rate ordinarily used in cit- 
rus spraying (4 ounces per 100 gallons of 
spray) decreases the oil deposit on citrus 
foliage for any given percentage of oil. 
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This is shown by the data in Table 3. The 
results of the various tests (Table 3) are 
not comparable, however, because the 
tests were made on different days and un- 
der different conditions, especially as re- 
gards the volume of spray and form of the 
spray stream. 
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Fic. 5.—Relation of concentration of oil in spray to 

oil deposit on citrus leaves sprayed with a heavy- 

medium oil used according to the tank-mixture 

method, with 4 ounces of blood albumin spreader 
per 100 gallons of spray. 


Blood albumin spreader at 4 ounces per 
100 gallons of spray may increase the de- 
posit of emulsive oils containing oil-solu- 
ble emulsifiers, which usually have a tend- 
ency to tighten the emulsion. In a number 
of tests, the writer found that when the 
oil-soluble emulsifier greatly reduces the 
deposit of oil below that which would be 
expected from the oil alone, blood albumin 
spreader may increase the deposit. The 
addition of blood albumin spreader also 
increases the deposit of oils which form 
tight emulsions because of their unsatu- 
rated hydrocarbons, that is, oils which 
have a low unsulfonatable residue. The de- 
posit of 8 per cent smudge oil was in- 
creased from 59 to 162 milligrams per 
square centimeter by the addition of 4 
ounces of blood albumin spreader per 100 
gallons of spray. 
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Certain electrolytes, such as calcium 
chloride and aluminum § sulfate, were 
found to be very effective in increasing the 
deposit not only of straight oil but also of 
various types of emulsive oils. 

Summary.—A method is described for 
the spraying of citrus leaves in the labo- 
ratory and the determination of oil-spray 
residue according to a simple and rapid 
technique involving the absorption of the 
oil off the upper surfaces of the leaves with 
filter paper and the subsequent extraction 
of the oil from the paper. 

The oil concentration was found to have 
a straight-line relation to oil deposit. 
Blood albumin spreader, at the concen- 
tration at which it is ordinarily used (4 
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Fic. 6.—Relation of concentration of oil in spray to 


oil deposit on citrus leaves sprayed with a heavy- 
medium oil used without spreader or emulsifier. The 
twocurves represent two separate experiments made 
on different days, with probably a slight difference 
in volume of spray 

ounces per LOO gallons of spray), Was 
found to decrease oil deposit on citrus 
leaves. Certain electrolytes were found to 
have the effect of increasing oil deposit. 
7-15-40. 
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A Colorimetric Method for the Determination of Oil Deposit 
on Citrus Leaves! 


G. L. McCaul? 
The determination of the quantity of 
petroleum oil deposited on the leaves of a 
citrus tree by various spray emulsions has 
been the subject of considerable discussion 
and research. It is of primary importance 
to know the amount of oil deposited, in 
order to correlate the data with the fac- 
tors of insect toxicity and injury to the 
tree. When oil sprays are tested to ascer- 
tain their respective toxicity to insects, it 
is very easy to draw erroneous conclusions 
with regard to differences in effectiveness. 
In reality, the apparent differences may 
be due to the fact that under a given set 
of conditions one spray emulsion will de- 
posit a larger amount of oil than will an- 
other. A slight change in the physical or 
chemical properties of the emulsion may 
affect the results very markedly (Hensill 
& Hoskins 1935, Ben-Amotz & Hoskins 
1937, Brown & Hoskins 1939). The aceu- 
rate determination of the oil deposited Is 
therefore of the greatest importance. 
Various gravimetric methods for deter 
mining the amount of oil deposited on 
leaves by spray emulsions have been pro 
posed. English (1930) described a method 
by which the oil was extracted from disks 
cut from the leaves, ether being used as the 
solvent. Dawsey & Haas (1933) modified 
this method. After the oil from the disks 
was extracted with ether, the solvent was 
evaporated to dryness, and the residue 
was redissolved in a mixture of ether and 
absolute aleohol. The leaf waxes were re- 
moved by precipitation at 30 degrees 
C., and the filtrate was treated with nitric 
acid in a Babcock skim-milk bottle. Swain 
& Green (1933) proposed a method where- 
by the oil was washed from the leaves with 
methylene chloride, the solvent was evap- 
orated, and the residual oil weighed. The 
dissolved waxes were considered constant 
in weight and sufficiently small to be neg- 
lected. Tihenko & Hensill (1937) 
gested a slightly different technique, in 
which there was no interference from 
plant waxes or essential oils. Citrus leaves 
with immediately 
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after spraying, the water and solvent were 
removed by evaporation, and the soluble 
residue was dissolved in petroleum ether 
and filtered. The filtrate was then sul- 
fonated and the amount of petroleum oil 
determined. Acetone, however, is a very 
inefficient solvent for oil, compared with 
the more non-polar compounds. 

Consideration of various ways for deter- 
mining the amount of oil deposited on 
citrus leaves led to the conclusion that a 
colorimetric method would be of value. 
Its advantages lie in the fact that it is 
rapid, very simple, accurate, and can be 
used over a wide range of oil deposits. In 
tests, an amount of petroleum oil as low as 
19 milligrams from 25 leaves was deter- 
mined by the use of this method. Small 
amounts of plant waxes and essential oils 
dissolved from the leaf by the solvent and 
present in the solution appear to have no 
effect on the color of the dye or the ac- 
curacy of the method. 

Metnop anp Materiats.—The labo- 
ratory method used in these experiments 
was essentially as follows: A very small 
amount of a water-insoluble and oil-solu- 
ble dye, Sudan III, was dissolved in the 
petroleum oil, the depositing properties of 
which were to be determined. The upper 
surfaces of mature orange leaves were 
sprayed with the emulsified oil; the leaves 
were allowed to dry; and the deposited oil, 
containing the dye, was then washed from 
the leaves with an odorless kerosene. The 
resulting solution was filtered into a 50-ce. 
Nessler tube and made up to volume. This 
sample was then compared with standards 
of various concentrations prepared from 
the same dyed oil. The amount of oil pres- 
ent was determined as micrograms of oil 
per square centimeter of leaf surface. 

A light-medium spray oil was used in all 
the determinations and was dyed as fol- 
lows: Sudan III, which imparts a brilliant 
red color to the solution, was dissolved at 
the rate of 0.025 grams per 100 cubic cen- 
timeters of oil. The solution was then fil- 
tered to remove that dye which had failed 
to dissolve. (Filtration can be conducted 
rapidly in a large Buchner funnel with 
vacuum equipment.) 
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The solvent used for removing the de- 
posited oil was the highly refined, colorless 
light distillate oil or “‘odorless kerosene” 
commonly employed as a base for house- 
hold insecticides. 

A sample of 25 mature orange leaves, 
approximately uniform in size, was se- 
lected. Each leaf was held flat against a 
metal surface by means of a steel spring 
clamp (Ebeling 1940), under which the 
petiole was placed, and was sprayed quan- 
titatively, with the spray stream directed 
perpendicularly toward the exposed upper 
leaf surface. The leaf was then taken from 
beneath the clip by means of forceps and 
laid on a large sheet of paper, with the 
sprayed surface uppermost. The entire 
sample was treated in this manner. The 
leaves were allowed to dry for approxi- 
mately two hours, after which they were 
ready to be washed. 

The relative depositing properties of the 
emulsions may be ascertained by analyz- 
ing for the oil deposited on the upper sur- 
face of the leaf. Rohrbaugh (1934) showed 
that under certain conditions there was 
practically no oil penetration on the upper 
surface of an orange leaf for at least 24 
hours, while penetration did take place on 
the lower surface. The amount of oil which 
penetrates the upper surface in from 2 to 4 
hours is negligible (Ebeling 1938). Deposit 
determinations by several methods have 
indicated that it is almost impossible to 
extract all the oil from the leaves by any 
of the previously mentioned methods after 
it has once penetrated the leaf tissues. Be- 
cause of these facts, no attempt was made 
to wash or extract any oil from the lower 
surface of the citrus leaf, and oil deposits 
were determined only on the upper leaf 
surface. 

The deposited oil and dye were washed 
from the leaves with the aid of an atomiz- 
er, which proved efficient in removing the 
oil with only a small amount of the odor- 
less kerosene. The solution of the dyed oil 
was filtered into a 50-cc. Nessler tube. As 
the affinity of the dye for filter paper is 
very small, residual dye which may be ad- 
sorbed by the paper is easily removed. 
The solution was then made up to volume, 
and its color was compared with a series 
of standards to ascertain the amount of oil 
washed from the leaves. 

The choice of solvents was limited be- 
cause of the fact that many solvents ex- 
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tract chlorophyll from the leaf and thus 
interfere with a colorimetric determina- 
tion. Selection of an adequate solvent was 
made in the following way. Citrus leaves 
were placed in a given quantity of solvent, 
the containers were closed, and the leaves 
were allowed to macerate. After periods of 
16 and 40 hours, samples were taken and 
compared for intensity of green color. It 
was found that the compounds which had 
little or no appreciable polarity appeared 
to extract the least chlorophyll. Petroleum 
ether, carbon tetrachloride, and a highly 
refined light-distillate oil or odorless kero- 
sene were the only solvents tried which 
did not show the presence of appreciable 
quantities of chlorophyll after 40 hours, 
Petroleum ether, because of its volatility 
and the fire hazard, was not employed. 
Color standards of the dye in carbon tet- 
rachloride faded appreciably on standing 
24 hours; therefore this solvent was not 
considered satisfactory. Standard solu- 
tions of the dye in the odorless kerosene 
showed very little or no fading after 48 
hours. This solvent satisfactorily removed 
the oil from the surface of the citrus leaves 
and was safe to employ. It was therefore 
decided to use this solvent for the colori- 
metric determination of oil. 

Color standards were prepared as fol- 
lows: Two grams of dyed oil were weighed, 
dissolved in the solvent, and made up toa 
liter. A series of know n dilutions or stand- 
ards of this stock solution were made in 
Nessler tubes, in order that the concen- 
tration of the unknown might fall within 
the desired range. Nessler tubes were em- 
ployed in the determination because it 
was found that a standard colorimeter 
with a 50-mm. column was not sufficiently 
deep to offer enough contrast between the 
color of the unknown and the standard to 
achieve consistent results. 

A series of 10 color standards, each con- 
taining from 20 to 40 milligrams of oil, 
was prepared. The strength of these solu- 
tions was increased in successive concen- 
trations of 2 milligrams. Several individ- 
uals who had had little or no previous ex- 
perience in colorimetric analysis succeeded 
in aligning the 10 standards in perfect 
order. Therefore, the maximum amount of 
reading error possible is 1 milligram in 20, 
or 5 per cent. This error markedly de- 
creases as the amount of oil deposited on 
a sample of leaves is increased. If 100 mil- 
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ligrams of oil were deposited, the maxi- 
mum reading error would be 1 per cent. 

VaLipiTy OF THE Metuop.—To estab- 
lish the validity of the method used i 
these experiments, it was necessary to de- 
termine the percentage of oil which could 
be recovered from the surfaces of citrus 
leaves after a known amount had been 
applied. The following technique was used 
to ascertain the percentage recovery. A 
small beaker containing some dyed oil and 
a camel’s-hair brush was weighed, and a 
small amount of the oil was spread evenly 
over the upper surfaces of citrus leaves. 
The amount of oil on the leaves was com- 
puted from the loss in weight of the beaker 
and its contents. The leaves were allowed 
to stand for a definite interval, after which 
they were washed and the amount of oil 
present was determined colorimetrically. 

In Table 1, data are presented which 
show the recovery of oil from leaf samples 
which were allowed to stand for 2- and 4- 
hour periods after the oil was applied. The 
results of the determinations after the 2- 
hour period show that the mean percent- 
age recovery of the oil was 98.62 with a 
standard error of 1.09 per cent. For a sin- 

Table 1.—Recovery of oil from citrus leaves 
at 2- and 4-hour periods after application. 
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gle determination, the standard error ex- 
pected was 3.27 per cent. After a period of 
+ hours, the mean percentage recovery 
was 98.21, with a standard error of 1.30 
per cent, the standard error e xpected for a 
single sample being 3.44 per cent. Such 
variation is within the limits expected in 
colorimetric determinations. 

Of particular interest was a series of 24 
laboratory oil-deposit determinations. The 
analyses were designed to obtain an esti- 


mate of the variation which can be ex- 
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pected in this method. The oil employed 
was a light-medium oil, emulsified by the 
tank-mixture method of Smith (1933), us- 
ing blood albumin spreader at the rate of 
4 ounces to 100 gallons. This type of emul- 
sion is comparatively unstable and owing 
to its quick-breaking characteristics, has a 

Table 2.—Summary and statistical analysis 
of data on oil deposit.* 





MEAN 
ConcEN- Weicart Ow 
TRATION RANGE Depositep, 
or Or, Or Depositep, my Micro- Coerri- STANDARD 
IN IN MickOGRAMS GRAMS Per cIENTOF ERROR, 
Per Per SQUARE Seuare Variation, Per Cent 
CENT Centmeter Centimeter Per Cent oF Mran 
0.5 28.37— 34.65 30.63 7.48 3.07 
1.0 $6.01-— 53.93 50.73 6.21 2 55 
1.5 79.31— 86.09 81.34 4.05 1.83 
2.0 112.61-127.07 117.63 4.61 1.89 





* Deposit data were obtained from samples of 25 leaves each 


six replications), treated with a tank-mix emulsion. 


tendency to build oil deposits. Because of 
these facts, more variation is expected 
with this type of emulsion than with many 
other types. Four different concentrations 
of oil were employed, and six replicate 
tests of each concentration were made. A 
summary of the oil-deposit data, expressed 
in mic rograms per square centimeter of 
leaf surface, is presented in Table 2. Varia- 
bility is expressed as the coefficient of var- 
iation (Snedecor 1938). These statistics 
are ratios of the standard deviation to the 
mean and are expressed in percentages. As 
might be expected, these values tend to 
vary inversely as the concentration of oil 
employed. The coefficient of variation for 
the entire experiment, computed by anal- 
ysis of variance, was 5.38 per cent. This 
value is an average of the residual varia- 
tion expressed in percentage of the gen- 
eral mean. Therefore, more than half the 
time, a deposit value should not be ex- 
pected to vary from the mean by more 
than 5.38 per cent. The estimates of sam- 
ple variation include the experimental er- 
ror inherent in the method, together with 
any error introduced by the spraying pro- 
cedure or by the determination of leaf 
area. 

The colorimetric method was devised 
primarily for the determination of oil de- 
posits on citrus leaves in the laboratory, 
but it is not without its limitations. Cer- 
tain colored toxicants dissolved in the oil 
could disrupt the method because of color 
interference. However, certain foreign 
materials, such as derris extractives, may 
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be incorporated with the oil mixtures if 
these materials are also introduced into 
the color standards at the same concen- 
tration at which they are used in the 
spray oil. It is highly improbable that the 
presence of small amounts of Sudan III 
will appreciably alter the properties of the 
oil, 

The method can also be adapted for cer- 
tain types of field experiments. Because of 
the rate of penetration of oil into the 
leaves, it would be desirable to have the 
washing procedure conducted in the field 
within 2 hours after the trees are sprayed. 
The task of preparing large amounts of 
the dyed oil for field usage might become 
laborious, and certain commercial paste 
emulsions would require special prepara- 
tion; but in most instances, the method 
may be used in the field to advantage. 

Summary.—A colorimetric method for 
the determination of oil deposited on cit- 
rus leaves by spray oil has been de- 
scribed. The method is rapid, simple, and 
accurate and can wide 
range of oil concentrations. 

The method consists in the staining of 
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the spray oil with Sudan IIT. After the 
dyed oil has been sprayed as an emulsion, 
the deposited oil is washed from the leaves 
with a highly refined light distillate oil or 
odorless kerosene, found to be a satisfac- 
tory solvent for removing the spray oil 
from the upper surface of citrus leaves, 
The amount of oil deposited is determined 
by comparing the color intensity of the 
unknowns with a set of color standards 
prepared from the dyed spray oil in ques- 
tion. 

The recovery of oil from leaves by the 
use of the colorimetric method averages 
98.41 per cent, and the laboratory oil-de- 
posit determinations show an average co- 
efficient of variation of 5.38 per cent. The 
standard error, in per cent of the mean, 
varies from 1.88 to 3.07 per cent. An 
amount of oil as low as 19 milligrams was 
determined from a sample of 25 leaves. 
Plant waxes and essential oils do not ap- 
pear to affect the accuracy of the method.* 
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Restrictions on the movement of fruits and 
vegetables under the Japanese bettle quarantine 
were removed for the season effective September 
19, 1940, the active period of the beetle in its rela- 
tion to fruits and vegetables having ceased by that 
date. The order released these products from the 
certification requirement nearly four weeks earlier 


than is provided in the regulations 


ee 2 
Soo OO 


Econ. Ent. 30(2 


Havinc determined that the sweet potato weevil 
does not exist in that part of George County, Miss., 
lying east of the Pascagoula River, the Alabama De- 
partment of Agriculture and Industries amended the 
sweetpotato weevil quarantine effective October 23, 
1940, to apply only to that part of the county lying 
west of the river. 








The Present Status of Organic Insecticides for 
Codling Moth Control’ 


R. L. Wesster, James Marsuauyt and HERMAN FALLSCHEER 


The argument for organic insecticides 
to combat the codling moth is based on 
the assumption that such insecticides may 
be used continuously throughout the 
growing season to check the entering 
worms, that the material used will retain 
a high degree of efficiency up to harvest, 
and yet may be sufficiently dissipated at 
the time fruit is picked so that no danger- 
ous residue is left on the fruit. This is in- 
deed a large order. 

It is not to be expected that the entire 
necessity for washing fruit may be avoid- 
ed, although on occasion growers have 
been able to meet requirements following 
a program of wiping. It has been antici- 
pated that washing to remove visible resi- 
due following a series of cover sprays with 
an organic material may be entirely feasi- 
ble. Three essentials are particularly im- 
portant: adequate worm control, easy 
residue removal, and low cost. 

In selecting organic materials as insecti- 
cides we must always remember that poi- 
sons are poisons and that any material 
that used 
likely at the same time to be poisonous to 
human beings. On the other hand there is 
evidence which indicates that certain of 
these materials are less toxic to higher Ver- 
tebrate animals than others. A search for 
eficient material for codling moth control 
has been in the direction of utilizing ma- 
terials much less dangerous to mankind, 
although at the same time representing a 
high degree of efficiency against the insect. 
There remains the possibility, 
however, that new insecticides may be de 


may be to control insects Is 
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veloped toa high degree of efficiency In or- 
der to meet a particular problem, only to 
find out that these materials may be con- 
sidered as deleterious by the Food and 
Drug Administration. This has happened 
before and may happen again 

NLCOTINI 
years ago two of us made a summary of 


COMBINATIONS. —Several 


this problem so far as the use of nicotine 
is concerned, with particular reference to 


conditions in the Pacifie Northwest (Web- 
Publis las Scientific Paper N $64, College of Agriculture 


ind Ag Experiment Station, State College of W 


ster & Marshall 1934). Since that time 
some attention has been paid to the use of 
organic materials in the experimental or- 
chard at the Tree Fruit Branch Experi- 
ment Station at Wenatcheee, under the 
immediate supervision of the authors. 
Some of these trials were preliminary and 
not particularly encouraging. Others were 
made under more carefully controlled con- 
ditions and in consequence results are 
more dependable. The investigations in- 
cluded trials with nicotine compounds, 
pyrethrum extracts, phenothiazine, and 
xanthone. These investigations are briefly 
summarized herein and include experi- 
mental data covering the period from 1932 
to 1939 inclusive. 

Because of the wide use of nicotine as an 
insecticide more emphasis was placed on 
its use experimentally since there were 
greater hopes that nicotine in some form 
might prove a feasible substitute for lead 
arsenate. Early attempts to utilize nico- 
tine were directed to substitution of nico- 
tine combinations with mineral oil late in 
the season, but the use of oil at ovicidal 
concentrations generally was followed by 
greater difficulty in residue removal—the 
very difficulty to be avoided. 

NicotTing-O1L.—A nicotine spray sched- 
ule was followed throughout the season 
at Monitor in 1985 and 12 Rome trees 
were sprayed with a nicotine-oil combina- 
tion. In this case a nicotine extract known 
as “‘Nicotinum,” was used, said to con- 
tain 9 per cent alkaloid nicotine and 
manufactured by the American Nicotine 
Company, Henderson, Kentucky. The 
material was said to represent a complete 
extract of the tobacco plant. 

Six cover sprays were applied, using one 
quart of the extract to 100 gallons of water 
with two quarts of a 70 viscosity oil. The 
last cover was applied August 12. Because 
of many late worm entries the amount of 
wormy fruit was high, 52.5 per cent while 
the lead arsenate-herring oil check ran 
$2.3 per cent wormy fruit. While it was 
felt that a greater number of applications 
might have definitely improved control, 
the results did not justify any expansion of 
our experimental program in this direction. 
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Again at the experimental orchard in 
1938 a combination of nicotine sulphate 
and light-medium oil was applied through- 
out the season in a demonstration block of 
Romes. In this case the calyx and first 
cover sprays consisted of calcium arse- 
nate, to which was added zine sulfate and 
lime and a casein spreader. Cover sprays 
2 to 9 were composed of two-thirds pint 
nicotine plus one-half gallon of a 60-65 
viscosity oil. Cover sprays were applied 
May 31, June 7, 21, July 5, 18, 30, August 
8 and August 20. Forty to 45 gallons of 
spray per tree were used at each applica- 
tion. At harvest there was 63 per cent 
wormy fruit; not a very creditable show- 
ing for the block. Experience of this kind 
substantiates our attitude in recent years 
that the nicotine-oil combination is not 
effective in a severely infested orchard. 
A near-by block of Romes, sprayed with a 
modified “Dynamite” combination, had 
48 per cent wormy fruit at harvest. 

NicoTine- Mo vasses Fiasco.—Our own 
work had been accomplished under condl- 
tions of severe infestation. Occasional 
growers in isolated with 
light infestations continued to use nico- 
tine in one form or another. Reported suc- 
cess with a nicotine-molasses combination 
were current in the Wenatchee Valley 
during the winter of 1987-1938, and it 
soon became evident that many growers, 
especially those who had encountered dif- 
ficulty in washing their fruit, would at- 
tempt to use such a combination in order 
to avoid lead residue. No direct experi- 
mental evidence was available on the val- 
ue of this combination but this did not 
check the unwise publicity over the new 
spray treatment. Six cover sprays of nic- 
otine sulfate with ““Aaro” corn syrup had 
been applied by Spuler in 1929, but its use 
resulted in severe markings on the fruit. 

In formulating spray recommendations 
for Washington for 1938, the following 
statement was made concerning this com- 
bination. “The value of the nicotine sul- 
fate-molasses mixture has not been estab- 


locations and 


lished, and it may be dangerous.”’ Not- 
withstanding this warning many fruit 


growers plunged headlong into the use of 
this material, and 61,659 pounds of nico- 
tine sulfate were used in district No. 4, 
which includes Chelan county and parts 
of Douglas and Grant counties, in 1938. 
According to records furnished by the 
State Department of Agriculture, 21,781 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 33, No. 6 


pounds of nicotine were used during the 
1937 season in district No. 4. The previous 
high mark had been 38,328 pounds in 
1935, following the imposition of a toler- 
ance on lead for the first time. 

The results were disastrous. It was the 
last straw for many a grower, already ina 
difficult position because of high costs and 
low prices. Wormy fruit in orchards was 
so evident that the use of the nicotine- 
molasses combination abandoned 
completely the following vear. 

Because of constant requests for infor- 
mation on the value of this combination a 
block of Romes was sprayed with the “‘nie- 
otine-glucide” combination in 1938, using 
one gallon to 100 gallons of water for eight 
cover sprays. After two cover sprays there 
was a deposit of .053 microgram per 
square centimeter. One day afterthe fourth 
cover spray this was 0.58 microgram. 
Three days after the fifth cover spray the 
nicotine amounted to 1.3 micrograms per 
square centimeter. This is equivalent to 
approximately 8.4 micrograms per square 
inch, a quantity far short of that really 


Was 


necessary, according to later investiga- 
tions. Out of 1,404 fruits counted 87 per 
cent were wormy. Had this information 
been available the year before thousands 
of dollars might have been saved the in- 
dustry, although it is always difficult to 
determine trends in the use of new and un- 
tried materials by growers already desper- 
ate because of low prices and advancing 
production costs. 

NICOTINE-BENTONITI Promising re- 
sults had been obtained with a nicotine- 
bentonite combination in 1938, and during 
1939 an effort to determine 
more definitely the quantity of nicotine 
necessary to attain control in a severely 
Analy ses were made be- 
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infected orchard. 
fore and after cover sprays in order to de- 
termine the quantity necessary to bring 
about control. In one plot nicotine was 
used at the full concentration, 7.¢., one 
pint of nicotine sulfate to each one hun- 
dred gallons of water, to which was added 
five pounds of bentonite and one quart of 
herring oil. Eight cover sprays were ap- 
plied, but in the last two cover sprays the 
nicotine-oil combination was substituted 
for the nicotine-bentonite because it was 
felt that the fruit would not brush clean 
with so great a quantity of bentonite resi- 
due. These tests were on Jonathans. 
Beeause of the high cost of the full con- 
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centration of nicotine a companion plot 
was sprayed with one-half pint of nicotine 
sulphate (with 23 pounds of bentonite, 
l pint herring oil, to 100 gallons of wa- 
ter). This was applied in the third, fourth, 
fifth, and sixth cover sprays, being fol- 
lowed with two additional sprays in which 
nicotine-oil was used, in order to make 
a more accurate comparison with the pre- 
vious named plot. At harvest it was very 
evident that the quantity of nicotine could 
not be cut down to this extent without 
sacrificing control. In fact, the wormy ap- 
ples were more than doubled where only 
one-half pint of nicotine sulfate was used, 
52 per cent on this block compared to 21.2 
per cent where the full concentration was 
used. Extra fancy apples on the plot where 
one pint was used were 38.3 per cent, 
where one-half pint was used there were 
only 23.4 per cent extra fancy. 

From the chemical data it was apparent 
that protection was not obtained where 
the quantity of nicotine fell below about 
$4 micrograms per square inch, a mini- 
mum which was reached previous to the 
seventh cover spray. While this figure rep- 
resents a minimum, the maximum protec- 
tion on this plot was between 88 and 100 
micrograms, according to our analyses. 
Where “Black Leaf-155” used, the 


protection in terms of micrograms per 


was 


square inch was even lower, and there was 
a corresponding lack of protection from 
worms and stings. 
PyreTHruM EXTRACTS. 
year there has been included in the experi- 


Ne arly every 


mental program at Wenatchee, at least on 
a few trees, some combination of a pyre- 
thrum extract. In general the results have 
been so disappointing that they were not 
followed up by similar trials and more de 
tailed experiments in succeeding years. In 
1932 the application of an oil-pyrethrum 
combination in the fifth and sixth cover 
sprays following lead arsenate, resulted in 
31.8 per cent wormy fruit, as compared to 
15.0 per cent on the control plot lead 
arsenate 3-100). Where the oil-pyrethrum 
combination substituted in cover 
sprays one, two, five, and six, there was 
21.8 per cent wormy fruit, the difference 
possibly due to the ovicidal effect of the 
oil when applied in the early cover sprays. 

In 1984 pyrethrum was used in a varie 
ty of ways with most unsatisfactory re- 
sults. Continued applications throughout 
the season failed to accomplish any degree 


was 
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or control. Our records show that pyre- 
thrum was used as the acetone-alcohol ex- 
tract (1 per cent pyrethrins), as a pine oil 
extract (2 per cent pyrethrins),and ground 
pyrethrum flowers at equivalent concen- 
trations of pyrethrins. 

Again in 1935 a commercial product, 
said to have been used with success in the 
New England States and evidently a com- 
bination of pyrethrins and oil, was ap- 
plied on Stayman Winesap trees in seven 
cover sprays, three-fourths gallon per 100 
in all the cover sprays except the fourth, 
where for some reason the concentration 
was one-half gallon. The last cover spray 
was applied August 17. In this case there 
were 35.7 per cent wormy apples as com- 
pared to 8.9 per cent wormy in the 
control trees. Experience of this nature 
year after year naturally results in a 
lack of enthusiasm on the part of the in- 
vestigator and a subsequent tendency to 
place more emphasis on materials that ap- 
pear more effective. 

PHENOTHIAZINE.—Comparatively little 
work has been accomplished with pheno- 
thiazine in our experimental program. In 
19386 we attempted to find out whether 
this material could be used at a concen- 
tration as low as 1 pound to 100 gallons of 
water, but this quantity was too low. 37.3 
per cent wormy apples resulted in this 
test, which was compared to a control 
near by in which 25.6 per cent fruit was 
wormy. While later applications at the 
rate of 2 pounds to 100 gallons were used, 
the worm entry during the first brood had 
been so great that stepping up the concen- 
tration not sufficient to hold the 
worms. 

Again in 1939 phenothiazine was used 
on Jonathans with stove oil in a limited 
way throughout the season. In one case 
there was 46 per cent wormy fruit, the 
other 54 per cent. Infestation in this por- 
tion of the orchard was heavy. 

“GENICIDE.”’—For several years the 
General Chemical Company has been do- 
ing some experimental work with an or- 
ganic compound, now called “‘Genicide,” 
with considerable success. Last year at the 
demonstration plots at Wenatchee a block 
of Jonathans and a block of Delicious were 
sprayed with this material with unusually 
good results. The active insecticidal agent 
in “Genicide” is a diphenylene ketone ox- 
ide known as xanthone. 

“Genicide”’ used 


was 


was in eight cover 
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sprays at the rate of 2 pounds per 100 gal- 
lons of water, to which was added one 
pound of ‘“(rrand pa’s Tar Soap” and 
three-fourths pound hydrated lime. In the 
Jonathans 16.8 per cent of the fruit was 
wormy, on the Delicious 11.5 per cent. 
These investigations were preliminary, 
not included in our regular plots, and no 
adequate check was available. On a block 
of trees not far distant, however, sprayed 
with lead arsenate and oil during the early 
covers, followed by four covers of cryolite, 
there was 47.6 per cent wormy fruit, indi- 
cating a high degree of control on the part 
of “Genicide.” 

Trials of the 
plots, where it was used with stove oil, in- 
dicated results even more favorable. In 
one case there was 9.4 per cent wormy 
fruit, the other 9.9 per cent in a heavily in- 
fested portion of the experimentalorchard. 

Summary.—While most of our activt- 
ties with organic insecticides for codling 


“(Crenicide”’ on two tree 
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moth control have been concerned with 
the use of nicotine, it is quite apparent 
that under conditions of severe infestation 
such as prevail in central Washington, it is 
necessary to maintain an unusually bigh 
degree of protection throughout the sea- 
son in terms of micrograms nicotine per 
square inch of apple surface. This leads to 
unusually high costs which are not com- 
pensated by freedom from residue re- 
moval. A high degree of efficiency may be 
obtained, however, lead residue may be 
eliminated, and comparative freedom from 
foliage and fruit injury avoided by the use 
of nicotine. 

Application of various pyrethrum ex- 
tracts, usually combined with mineral oil, 
has not been encouraging. 

The use of phenothiazine has so far not 
been very encouraging, according to our 
experimental data. Xanthone, in the form 
of “Genicide,” has given much better re- 
sults.— 7-15-40. 
CITED 
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Apply ing Insecticidal Dusts 


ess, U.S. Di partme nt of Agriculture, 


Bureau of I ntomology and Plant (Quarantine 


This paper describes a method of dis- 
persing insecticidal, or fungicidal, dusts, 
with liquid adhesives, so that a uniform, 
controlled dispersion rate may be main- 
tained under varied conditions, and ad- 
herence of the finely divided particles of 
insecticides to foliage may be obtained.' 
The principle involved in this method is 
such that the process may be used in con- 
junction with aircraft in combating in- 
sects or plant diseases, or it may be adapt- 
ed for use with relatively slow moving 
ground equipment of the type generally 
used in the treatment of truck and orchard 
crops. 

Investigational work on gypsy moth 
control at Greenfield, Mass., has for sev- 
eral years included the development of 
equipment and methods for applying in- 
secticides more effectively and economi- 
cally in extensive and difficulty accessible 
woodland areas. Particular attention has 
been given to the study of possible uses of 

'U. S. Patent No. 2,17 1939 


2,001, issued September 5, 


aircraft in this connection. The results of 
this study indicated that the autogiro was 
the most promising type of aircraft, in 
view of its ability for slow, controllable 
flight and its safe operation over terrain 
where the use of the fixed-wing type of 
machine would be dangerous 

Tests were made with different types of 
distributing equipment, the construction 
of which would permit satisfactory at- 
tachment to autogiros of current design. 
These tests were begun in 1936 and ex- 
tended over a period of more than a year. 
They were conducted in a specially con- 
structed room, which was in effect a wind 
tunnel. In this chamber high-velocity air 
movements were created by means of 
suitable fans, under conditions as nearly 
comparable as possible with those en- 
countered by aireraft in flight. Dispersing 
units of various designs were constructed 
and studied in the distribution of dry, 
semiliquid and liquid insecticides. Both 
wind- and power-driven types of appara- 
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tus were tested, and special attention was 
directed toward the design of equipment 
which would give the most satisfactory 
distribution under all conditions encoun- 
tered in applying insecticides to forested 
areas with rotating-wing aircraft. 
Wind-driven general ap- 
peared to be incapable of uniformly meas- 
uring and distributing materials, particu- 
larly those in a semiliquid state. The rela- 
tively large quantities of material that 
must be released in a unit time, plus the 
density of this material as compared with 
that of the propelling medium, air, neces- 
sitated power requirements which could 
not be met in equipment of practical de- 
sign. In addition, wind-driven apparatus 
were found to be so subject to variations 
in speed that they could not be relied upon 
to uniformly dispense measured quantities 
of semiliquid material or to divide this 
material into particles of uniform. size. 
Tests involving air-driven equipment were 
therefore discontinued and endeavors were 


devices in 


centered on studies of power operated 
types. 

Generally, in the application of insecti 
cides containing adhesives it is the prac- 
tice to mix the ingredients before distribu- 
tion. The objection to this procedure is 
the difficulty of maintaining uniform dis- 
tribution without eventual clogging of the 
apparatus and inevitable decrease of effi 
ciency. Furthermore, no 
available that can be added in dust form 
prior to distribution which will insure sat 
isfactory adherence of the insecticide un- 
der all conditions 

As a result of the studies in the test 
room at Greenfield a method of handling 
evolved which offered 
promise. This method is one of dispersing 
dust materials in measured quantities and 


adhesives are 


isecticices Was 


simultaneously but separately releasing 
liquids, such as adhesives, emulsions, and 
water, in such a manner that the dust par 
ticles are coated with liquid. This coating 
process occurs outside the apparatus and 
in such a way that liquid particles unite 
with a large proportion of the dust parti- 
cles, thus avoiding clogging or fouling of 
the dispersing apparatus. The elimination 
of water as a carrier and the use of air sub- 
stantially increase the amount of insecti- 
cide that can be transported in mobile 
equipment—an obvious advantage, par- 
ticularly where aircraft is involved. 
PRELIMINARY Tests. ~The first of a se- 
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ries of field tests utilizing this method was 
conducted on August 28, 1937, in Wendell 
State Forest in Massachusetts. An appa- 
ratus for simultaneously discharging lead 
arsenate dust and atomized fish oil was 
mounted on a light automobile truck, 
from which all unnecessary parts had been 
removed. The materials were released in a 
cloud to the side and beyond the rear of 
the machine. The truck was driven be- 
tween 40 and 50 miles per hour along 
roads that had been conditioned for the 
purpose. 

Although the apparatus was experi- 
mental in design and not mechanically 
perfect, the results demonstrated that the 
principle of air-blending dust and liquid 
so as to produce a combination which 
would adhere to foliage, was sound. Con- 
sequently, in April 1938 an autogiro was 
procured for the purpose of studying the 
possible use of the method in conjunction 
with aircraft. An apparatus based in gen- 
eral design on that tested in the woodland- 
roadside treatments was installed in this 
autogiro. 

The equipment consisted of containers 
built into the fuselage of the aircraft for 
carrying both dust and liquid materials. 
The dust hopper, with a maximum capac- 
ity of 450 pounds of lead arsenate dust, 
and two tanks for the liquid, each of 15 
gallons capacity, were located in the for- 
ward cockpit of the autogiro in such a 
manner that the center of gravity of the 
aircraft was altered only slightly, regard- 
less of load variations. Beneath the fuse- 
lage a Venturi tube was suspended by 
suitable struts, and a vertical duct, pro- 
vided with a slide valve, connected an 
opening in the bottom of the hopper to an 
opening in the top of the Venturi about 
midway of its approximately 5-foot length. 
Mounted coaxially in the tube was a hol- 
low rotatable shaft, to the rear end of 
which was attached a hollow cone. This 
cone was closed at the base except for an 
opening around its greatest circumference. 
A small air-cooled gasoline engine was 
mounted in front of and above the Ven- 
turi tube, immediately beneath the auto- 
giro engine cowling. A V-belt drive from 
the gasoline engine was used to rotate the 
shaft and attached cone at high speed. A 
similar transmission was used to drive a 
short section of continuous-flight convey- 
er-screw, so arranged in the bottom of the 
hopper that the dust could be measured 
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and positively discharged through the 
opening at the bottom of the hopper and 
consequently into the Venturi. 

Fish oil was introduced from the tanks, 
through a gear pump and suitable tubing, 
into the forward end of the hollow shaft, 
and hence into the interior of the cone. 
The gasoline engine was directly connect- 
ed to the gear pump, permitting a positive 
measuring of the liquid from the tanks 


| 


Fic. | \utogiro used in the tests 
through the shaft and into the rotating 
cone. The oil was delivered under a pres- 
sure of approximately 15 pounds per 
square inch. 

The conveyer screw metered the lead 
arsenate into the Venturi tube, where the 
air stream travelling through the latter 
entrained the dust particles and conveyed 
them in a hollow cylindrical cloud around 
the cone and eventually into the combined 
slip stream of the autogiro propeller and 
rotor down-blast. 

Owing to the high peripheral speed of 
the base of the cone, the liquid was atom- 
ized and thrown into the passing cloud of 
dust particles. As long as the rotation of 
the cone was maintained at a uniform 
speed the size of the atomized particles 
would remain reasonably constant. The 
amount of dust dispersed was uniform at 
all times as long as the feed screw in the 
hopper rotated at a constant speed. Uni- 
formity in speed of these parts of the ap- 


JOURNAL OF Economic ENTOMOLOGY 


The mounting 





Vol. 33, No. 6 


paratus was obtained by operating the 
gasoline engine at a set speed. 

Fiicut Trests.—Numerous tests made 
under flight conditions in September and 
October 1938 indicated that the method 
of distribution under development was 
feasible and that the equipment con- 
structed was capable of applying dust 
materials from the air in such a manner 
that they adhered to foliage. The need 





of the Venturi tube may be n ted 


for improvement in certain mechanical 
features of the distributing apparatus 
was apparent, however, and this was not 
unexpected in of the highly ex- 
perimental nature of the equipment. 
The design of this equipment involved 


View 


engineering problems on which there was 
very little, if any, background, and con- 
struction suitable and safe for use in air- 
craft required precautions that would not 
have been necessary where ground equip- 
ment was concerned 

Gypsy Motu Contro. Tests. 
completion of modifications considered 


Upon 


necessary or desirable, the equipment and 
process were subjected to field tests in 
June 1939 in treating an area infested with 
the gypsy moth. Two 50-acre plots were 
selected near Greenfield ina hilly, wooded 
section where an infestation had been 
known to exist for several years. Lead 
arsenate was applied to these plots at the 
rates of 40 and 20 pounds per acre by 
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means of the autogiro and the apparatus 
described. Performance of the equipment 
in carrying out these treatments indicated 
that further mechanical improvement was 
necessary to obtain a union of all the dust 
and oil part icles released. 

Following an inspection of these plots in 
November, S. F. Potts, of the Division of 
Forest Insect Investigations, Bureau of 
Entomology and Plant Quarantine, United 
States Department of Agriculture, re- 
ported that no egg clusters were found in 
the plot receiving 40 pounds of lead ar- 
senate per acre. In the adjoining check 
plot 264 at hg 8 clusters per acre were found. 
In the plot receiving 20 pounds of lead ar- 
senate only 4 egg clusters were found, as 
compared with 52 per acre in the adjoin- 
ing check plot. Owing to variable weather 
conditions during the treatment of the 
two plots, and because of the small areas 
involved, these results should not be re- 
garded as definite ey idence of the compar- 
ative effectiveness of the two dosages in 
gypsy moth control. 

In treatment of woodlands with a high- 
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pressure ground sprayer the amount of 
lead arsenate applied per acre ranges from 
30 to 40 pounds, depending on the type of 
forest growth and the degree of infesta- 
tion. 

Mention has been made of weakness in 
equipment design, permitting the escape 
of dust from the release apparatus with 
insufficient or no combination with the 
adhesive. To date no method has been 
evolved of accurately determining what 
percentage of the total amount of dust re- 
leased this portion represents. Develop- 
ment of such a method would aid materi- 
ally in indicating the mechanical change 
necessary. 

Although the process and equipment 
were developed for use in applying lead 
arsenate to woodlands from the air in 
gypsy moth control, the result indicates 
that the method can undoubtedly be util- 
ized for treating field and orchard crops 
from the ground. In this connection 
changes in the design of the dispersing ap- 
paratus will of course be necessary.—8- 
12-40. 


Some Factors Influencing Feeding Activity of Simuliids 


in the 


G. W. Unperut, J 

Observations on the feeding of simuliid 
flies on turkeys show that there is consid- 
erable fluctuation in the activity of the 
flies. There may be times ranging from a 
few minutes to a whole day when no flies 
appear, or they may appear in large num 
bers and swarm around and crawl over 
turkeys without any, or at most very re- 
luctant feeding; whereas at other times 
they appear and feed readily, often ap 
pearing with a vim and feeding promptly. 

An attempt has been made to find a re- 
lationship between the reaction of the flies 
in the field and certain of the meteorologi- 
cal factors. The four factors, temperature, 
relative humidity, air currents, and at- 
mospheric pressure are considered domi 
nant in their effect on the feeding of the 
flies. This paper deals only with these fae- 
Other meteorological 
thermal convection, electrical state of the 
atmosphere, and variations in the amount 
of ozone in the air during and after thun- 
derstorms were not considered. The move- 


tors. factors, as 


Field 


nia Agricultural Experiment Station, Blacksburg 


ment of objects, as a man, an auto, a tur- 
key, or an insect net seemed to attract the 
flies and probably influenced the results 
obtained. The age of the fly and degree of 
hunger, no doubt, influence the feeding 
but were not considered in this study. 
These data were secured while collect- 
ing blackflies in the act of feeding on a tur- 
key infected with a protozoan disease. 
Metuops.—-On many occasions and 
under different weather conditions, a tur- 
key was taken to localities where flies were 
known to be present. The relative number 
of flies observed and the number feeding 
on the turkey were recorded. Notes were 
made on the weather conditions as fol- 
lows: on temperature, from 1936 to 1939, 
inclusive; on relative humidity in 1938 
and 1939; and on atmospheric pressure in 
1939. The air movement was estimated 
from the movement of smoke, leaves and 
limbs of trees, and dust in the roadways. 
TemMPpeRATURE.—The flies were ob- 
served swarming around at temperatures 
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of 65 degrees to 95 degrees F. Maximum 
feeding took place at 75 degrees to 85 de- 
grees F., (Figs. 1 and 2); 83 per cent fed 
within this 10 degree range with the peak 
around 80 degrees F. Little feeding took 
place at temperatures below 70 degrees F., 


a 
“ ™ 
B 
> s - 
‘ ‘ 5 ~ 4 * 
’ ” a 6 oy ’ 
Fic. 1.—The relation of temperature and relative 


humidity to the number of simuliids that fed on a 
turkey taken into the field. A total of 349 engorged 
flies included in the data. Blacksburg, Virginia. 1939 


and feeding activity was retarded at a 
temperature of 90 degrees F. or more. Al- 
though there wasa wide range of tempera- 
ture at which the flies were on the wing, it 
is apparent that temperature is an impor- 
tant factor in the feeding activity of the 


insect. 
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TEMPERATURE  F. 
Fic. 2.—The relation of temperature to the number 
of blackflies that fed; 83 per cent fed between 75 
and 85 degrees F. with the optimum near 80 
deyrees a 


Revative Humipiry.—The data indi- 
cate that the blackfly has a greater range 
of tolerance to relative humidity than to 
temperature, especially as regards feeding. 
They fed at humidities as low as 42 per 
cent and as high as 89 per cent (Figs. 1 and 
3); 80 per cent fed between 55 and 75 per 
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cent relative humidity with the peak be- 
tween 65 and 75. Few flies fed at humidi- 
ties below 50 per cent and above 80 per 
cent. It will be noted, however, that the 
observations at these humidities were 
made under unfavorable temperature 
conditions. That there is a relationship be- 
tween humidity and temperature is shown 
in figure 5. A rise in temperature is usually 
accompanied by a decrease in humidity, 
and a fall in temperature by an increase in 
humidity; and any correlation between 
the feeding activity and relative humidity 
might be interpreted as a temperature re- 
lationship rather than a humidity rela- 
tionship. A study of figure 1 supports this 
conclusion. It will be seen in the figure 
that all the large numbers observed fall 
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Fig. 3.—The relation of relative humidity to the 


number of blackflies that fed; 80 per cent fed be- 
tween 55 and 75 per cent relative humidity with 
the optimum near 70 per cent 


within a comparatively narrow range of 
temperature but that they are scattered 
over a wide range of humidity with little 
relationship indicated. 

Ain Currents.—-Flies appeared and 
fed more readily when the air was calm or 
when there was only enough breeze to 
move the leaves and small terminal limbs 
on trees. They rarely or never appeared 
when the wind was strong enough to sway 
large limbs and treetops or to blow up dust 
in the road or field. They fed during calm 
intervals, however, on windy days when 
other factors were favorable. The failure 
of flies to feed on many occasions, in the 
experience of the writer, was not due to 
the absence of flies but to the high winds 
at the time of the observations. 

There seemed to be a relationship be- 
tween the direction of the wind and the 
feeding activity of the blackflies. They 
seemed to feed less during an east or north- 
east wind than during a south or west 
wind of the same velocity. The atmos- 
pheric pressure was rising or was high and 
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the temperature generally low at the time 
of the observations when the wind was 
from the east or northeast, and these fac- 
tors were likely responsible for the de- 
crease in the activity of the flies rather 
than the direction of the wind. 

ArmospHertc” Pressure,—The _ flies 
were most active in feeding when the 
barometric pressure was 27.85 to 28.05 
inches (elevation, 2,000 feet) (Fig. 4). A 
drop in atmospheric pressure was asso- 
ciated with an increase in feeding activity 
other conditions being favorable, and ap- 
parently the more rapid the change the 
greater the effect on the imsect (Fig. 5). 
On days when such conditions prevailed, 
fies swarmed around in large numbers 
whether a turkey was present or not; and 
on days when the atmospheric pressure 
was high, few or no flies appeared 


$ r —- BAROMETR PR R 
a M F SIM A F u 
N URK TAKEN IN 
BL. acKsBuR vA 
« Troerr nm 929 
z 
z — 
»* 
a 
; ) 
Fu 
~ sh _ 
Qe _ - 
«} d 
< ¥/ ' 
n eS oe oe See 2 oe dusvenatan 
3a : 5 05 DADO DS 1 —y 2-35 
ATMOSPHER PRESSURE : FEET ELEY 
YwEST AND (+ MEST PRESSURES AT THE HOUR A KE 
was 7, IN THE FIELE 
Fu + The relation of barometric pressure to the 


average number of simuliids that fed per hour on a 

turkey taken into the field. All feeding, under the 

conditions of these records, took plac e ata relatively 

low barometer reading. A drop of around 0.25 inch, 

or more, pressure seemed to influence the feeding 
activity favorably 


Summary. A study was made on the 
feeding activity of blackflies on turkeys 
as influenced by the meteorological fac- 
tors, temperature, humidity, atmospheric 
pressure, and air currents. There was a def- 
inite relationship between the feeding of 


Tue W.S. Buatcutey CLius Takes Over 
rHE SALE OF THE BLATCHLEY 
INSECT AND NATURE Books 


The W.s Blatchley Club of Noblesy ille, Indiana, 
has taken over all the available volumes of the 
works of the late W. S. Blatchley. Entomologists 
may be interested to know that some of the volumes 
on insects are still available Communications 
should be addressed to the club in eare of Earl 
Brooks, Librarian 
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Fic. 5.—The temperature, relative humidity and 
barometric pressure are shown in relation to the 
number of blackflies that fed on a turkey taken into 
the field on six representative days. The flies fed 


well on July 18, 19, August 2? and September 27 
when the barometer was low, while none were seen 
on September 14, and only one fed August 1 when 
the barometer was high. The shaded perpendicular 
column represents the total number of flies that 
fed during the period indicated. Other conditions 
being equal the flies fed best on a falling or low 
barometer. 


the insects and temperature, maximum 
feeding taking place at temperatures of 75 
to 85 degrees F. The flies were observed 
feeding at humidities as low as 42 per cent 
and as high as 89 per cent. Apparently hu- 
midity was not an important factor in the 
feeding activity of the insect. 

The flies were mostly active in feeding 
at a low atmospheric pressure or following 
a rapid fall in the barometer. Maximum 
feeding took place at barometric pressures 
of 27.85 and 28.05 inches (at 2,000 feet 
elevation). 

Strong wind prevented feeding of the 
flies. They fed most actively when there 
was a calm or, at most, only a light breeze. 

7-30-40. 


OKRA QUARANTINE 


Tue finding of several cases of infestation of com- 
mercial okra by larvae of the pink bollworm, in all 
instances in early stages which would be extremely 
difficult to detect by the usual inspection procedure, 
has led the Bureau of Entomology and Plant Quar- 
antine to issue a notification under the Fruit and 
Vegetable Quarantine (No. 56), excluding okra from 
Mexico, effective August 15, 1940. 








The Ratio of Lead to Arsenic in Spray Residues from 
Lead Arsenate. IL' 


G. W. Pearce and A. W. Avens, N. Y. 


In a previous paper the authors (Pearce 
& Avens 1938) have presented data to 
show that under conditions prevailing in 
New York State the ratio of lead to ar- 
senious oxide in residues at harvest from 
lead arsenate sprays tends to be higher 
than the ratio in dilead arsenate. Recently 
Fahey & Rusk (1939) have concluded 
from experiments carried out in another 
state that the ratio in samples taken im- 
mediately after spraying showed no sig- 


Table 1.—Spraying mixtures applied to Rome 
Beauty apples on August 7, 1939 and amounts of 
various constituents per 100 gallons. 








Leap Hy- Micron 
ARSE DRATED IZED 
PLATS NATE Lime SvuLrur 
l 3 Ibs 
2 $ Ibs 3 Ibs 
bs J + Ibs 6 lbs 
ry 8 Ibs 6 Ibs Copper sulfate } lb 
5 3 Ibs 6 Ibs Copper sulfate 14 Ibs 
6 $ Ibs $ Ibs *Copoml 14 lbs 
7 + Ibs 3 Ibs 5 Ibs 
~ 3 Ibs 3 ibs 8 Ibs 
9 $ Ibs + Ibs 5 Ibs Aluminum sulfate 1 Ib 
10 3 Ibs 3 Ibs 5 Ibs *Spraysoy A 14 lbs., 
Orthol-K 1 pint 
ll $ Ibs 3 Ibs 5 Ibs *Orthex 1 pint 
12 3 lbs + Ibs 5 Ibs *S. E. C. 1 pint 
13 $ Ibs 3 Ibs 5 Ibs S. E. C. 4 pint 
14 + Ibs + Ibs 5 Ibs *Filmer } pint 
15 $ibs. 3Sibs. Slbs. *S S31} oz 
16 8 Ibs + Ibs 5 Ibs *Pyrolene 1 pint 
17 5 Ibs 
*/ l—copper fungicide Spraysoy A—sovbean flour 


miscible eye 


spreader adhesive; S. E. ¢ 


posi 
spreader; Orther 
spreader sticker; Py 


table oil; Filmez 
spreader 


spreader; S S 


nificant difference from those taken after 
periods of weathering. Since studies of the 
weathering of spray deposits are of inter- 
est from both a theoretical and a practical 
viewpoint we have considered it impor- 
tant either to confirm or discredit our pre- 
vious study (Pearce & Avens 1938). 

An opportunity to reinvestigate the 
problem occurred during the 1939 season. 
The results offer such clear cut support for 
our previous findings and in addition fur- 
nish further information concerning the 
effect of various supplementary spray ma- 
terials upon the ratio of lead to arsenious 
oxide in spray residues, that we feel justi- 
fied in publishing them. 

1 Approved by the Director of the New York State Agri- 


cultural Experiment Station for publication as Journal Paper 
No. 387, June 26, 1940, 


State Agricultural Experiment Station, Genera 
I : 


EXPERIMENTAL Metuop.—A Rome 
Beauty orchard located near Poughkeep- 
sie, N. Y. was divided into plats and 
treated with the various spray combina- 
tions listed in table 1. Three series of sam- 
ples of fruit were taken for residue analyses 
as shown in table 2. In the first two se- 
ries ten fruits averaging 550 and 750 grams 
respectively were used for the analyses, 
while in the third series each sample con- 
sisted of eight fruits averaging slightly 
more than 1000 grams per sample. , 

Arsenious oxide was determined by a 
modification of the bromate method 
A. O. A. C. 1935), whereas lead was de- 
termined photometrically using a slight 
modification of the method proposed by 
Samuel & Shockey (1934 

Discussion. The analytical results in 
table 2 are given in terms of milligrams of 
lead and arsenious oxide found in each 
sample rather than in terms of grains per 
pound of fruit. This is done in order to 
facilitate statistical analysis of the data as 
well as to show the comparatively large 
amounts of residues handled. Previous 
tests of the analytical methods employed 
when applied to known amounts of lead 
and arsenic within the ranges covered by 
the data enabled us to calculate the stand- 
ard error for each determination. From 
this we were able to calculate the stand- 
ard error (E,) of each ratio according to 
the formula shown in table 2. The statis- 
tical analysis shows that the changes in 
the ratios observed are quite significant. 

The small amount of residue on the 
check sample came from sprays applied by 
the grower previous to the applications 
made on August 7. These were a calyx 
spray consisting of 3 pounds of lead arse- 
nate per hundred gallons of water and two 
early covers each consisting of 1.5 pounds 
of lead arsenate and 1.5 pounds of caleium 
arsenate per bundred gallons of water. 
The influence of these earlier sprays on the 
ratios obtained is negligible for several 
reasons. First, the ratio of Pb to AseQs in 
the blank (Plat 17) is essentially the same 
as indi-lead arsenate which indicates that 
most of the calcium arsenate has been 
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weathered away. Secondly, simple calcu- 
lations show that only a part of the 
changes in the ratios observed can be ac- 
countedfor on the assumption that the 
arly sprays have an influence in this in- 
stance. And finally, Plat 1 shows no in- 
crease in the ratio and hence any effect 
from the earlier sprays must be considered 
negligible. The increase shown in the ratio 
of the check (Plat 17) in Series 2 should be 
expected since the residues are fully ex- 
posed to weathering processes and any 


Table 2.—Residue loads and ratios of lead to 
apples before and after weathering, 1939. 


AND ARSENIC IN SPRAY RESIDUES 919 
ering process. Since the other spray plats 
include lime it must be assumed that its 
influence on weathering is present. Of con- 
siderable interest is the fact that those 
sprays containing copper (Plats 4, 5, 6) 
and that containing aluminum (Plat 9) 
do not show as great a change in the ratio 
as the other plats containing lime. This 
observation certainly fits in with the gen- 
eral experience that copper and aluminum 
in various forms can act as arsenical in- 
jury correctives and hence would be ex. 


arsenious oxide in spray residues on Rome Beauty 








SeKrEs | SERIES 2 SeRiEs 3 
+4 hours after spraying 21 days after spraying 70 days after spray ing 
Aug. 8) Aug. 28)} Oct. 17—harvest)t 
Residue Load Residue Load Residue Load 
ngs. per 10 fruit Ratio ngs. per 10 fruit Ratio ings. per 8 fruits Ratio 

Pua Pb Asf) Pb/Ast), *t Pb Ast) Pb/As.O; *Eq Pb AsO; Pb/AsO; *Eq 

l i7 oO 7.89 2.15 or 14.00 6.75 2.07 05 9.00 4.48 2.038 + O1 

? 17.00 8.25 2. 06 OF 12.04 5.01 2.40 06 8.16 2.88 2.838 02 

; 10.96 >. 32 2 O06 01 5.72 2.31 2.48 038 4.92 1.77 2.78 04 

4 18.00 6.72 1.95 Oo 9.25 +. 14 2.24 02 +. 65 2.07 2.26 .03 

5 14.60 7.07 2. 06 OF 10.80 >. 04 2.14 01 No sample taken 

t 11.76 5.61 2.10 ol 10.40 +. 68 2.22 ol No sample taken 

7 13.32 6.22 2.14 05 9.45 3.75 2.53 O02 4.24 1.44 2.94 .05 

8 4 aR $13 2 15 02 6.40 2.55 2.51 03 5.12 1.68 8.05 04 

0 12.60 6.58 1.91 0 9. 60 4.32 2.22 02 5.80 2.46 2.36 .03 
10 8.40 $16 2.02 v2 9.20 3.72 2.47 02 7.28 2.85 2.55 02 
1 12.60 §=6.38 1.98 05 11.48 4.65 2.47 01 8.24 2.97 2.77 02 
12 & 24 7 Yi 2 13 Oz 9.76 $96 2.47 02 6.40 2.40 2.67 .03 
18 12.40 6.35 1.96 O5 8.80 45 2.55 02 7.12 2.49 2.86 .03 
14 0.44 $50 2.06 ol 10.28 4.11 2.50 Oz t5.60 1.95 2.87 .03 
15 18.00 6.45 2 oe O05 10.80 4.32 2.50 Oz 8.00 8.00 2.67 02 
16 9.00 4.28 2.10 2 11.32 4.65 2.43 01 5.92 2.16 2.74 .03 
17 0.56 0.28 2.0 oo 0.60 0.21 2.86 15 No sample taken 

Ba 
U \ B 
+} tandard ¢ ail . 
\ \ 
B Pb 
Rat LD tan i B 015 from 0 to 3.00 mgs., 06 from 3.01 to 12.00 mgs.; +.30 for more than 
\ AsA) 
12.00 mgs. a =standard error of A 01 for all determinations in this work. 
t This sample was also analyzed for lead by the Dithizone method and found to contain 5.70 mg. of lead. 
t Rainfall record: Aug. 8-Aug. 28 = 1.30 inches; Aug. 29-Oct. 17 =3 $9 inches 
changes are not masked by any other pected to suppress the loss of soluble ar- 


sprays. 

Several important observations can be 
noted from the data in table 2. In Plat 1 
no significant change in the ratio occurred 
even after 70 days weathering. This is ac- 
counted for by the fact that lead arsenate 
alone was applied. We may conclude that 
the hydrolysis of di-lead arsenate to basic 
lead arsenate is not an important factor in 
the weathering of lead arsenate residues. 
On the other hand Plat 2 and Plat 3 were 
sprayed with lead arsenate and lime and 
there is a large change in the ratio. This 
indicates that the reaction between lead 
arsenate (Streeter & Pearce, 1931) and 
calcium carbonate (formed from the lime) 
plays a very important role in the weath- 


senic from residues and influence ratios 
accordingly. The ratio changes observed 
in Plats 7, 8 and 17 suggest that sulfur 
probably tends to increase the ratio. The 
effect of the other spray supplements 
(Plats 10-16 incl.) is not pronounced al- 
though a slight depressing effect is notice- 
able in some instances. 

We have called attention in the fore- 
going discussion to a number of significant 
observations. Now we would like to show 
that actually the present data as well as 
that already published (Pearce & Avens 
1938) are not entirely in disagreement 
with Fahey & Rusk (1939) and completely 
confirm our previous findings. Let us 
point out first that the data presented 
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answer the implied conclusion of Fahey & — sprays applied could be considered as 
Rusk that the changes in the ratio ob- being subject to weathering factors 
served in our previous work were probably throughout the season regardless of the 
due to inadequate samples or to unreliable — effect of subsequent sprays. In general we 
methods of analysis. Aside from this con- would expect to obtain similar results 
clusion these authors failed to recognize a from spray programs such as those con- 
number of factors operating under their — sidered by Fahey & Rusk (1939). It must 
experimental conditions which would tend — be kept in mind that there are some fruit 
to mask or suppress any changes in the growing areas in which the number of 
ratio of Pb to AsoOs. It should be noted — cover sprays applied during a season is not 
that they used either bordeaux mixture or more than three. Thus the data furnished 
oil or both in all of their spray treatments. in the present paper would apply to such 
Bordeaux is shown in the present paper to — areas. In those regions where large num- 
have a marked suppressing effect on bers of cover sprays are applied, the find- 
changes tending to occur. In our previous ings of Fahey & Rusk might well be 
paper oil was also shown tohave the prop- experienced. 

erty of suppressing changes in the ratio. Conciusions —-l. No changes in the 
Thus at least two factors are inherent in — ratio of lead to arsenious oxide in spray 
their experiments which probably would — residues from lead arsenate alone were 
have prevented any large changes in the — observed. 

ratios. A third factor of primary impor- 2. The addition of lime to lead arsenate 
tance involves consideration of the ques- | sprays produces conditions which tend to 
tion as to whether decomposition of a result in an increase in the ratio of Pb to 
spray continues after another has been (sO, after more or less prolonged periods 
applied on top of it. From a mechanical of weathering. 

viewpoint one would expect the top spray 3. The presence of materials such as 
or sprays to hinder decomposition of those — bordeaux mixture, coposil and aluminum 
underneath. Finally, one cannot ignore sulfate which can act as arsenical injury 


the fact that the last sprays applied dur- — correctives tends to suppress any changes 
ing a season make up the bulk of the resi- in’ the lead arsenate spray deposits 


dues present on the fruit, because of the brought about by lime or other materials 
growth factor. These latter sprays are not. having an opposite effect. 


subject to such long periods of weathering t. Oil sprays applied with or following 
and hence do not usually show extensive lead arsenate sprays also tend to suppress 


decomposition. Thus, they tend to mask any changes in the composition of the 
any changes which may have occurred in — residues. 

the earlier sprays because of their pre- 5. As the number of lead arsenate 
dominance. Fahey & Rusk applied $ to cover sprays applied is increased, the ratio 
10 covers of lead arsenate and for the most = of Pb to AseQs in the residues at harvest 
part there were only relatively short tends to approach that in di-lead arsenate. 


weathering periods. Where longer periods 8-35-40. 
were involved the situation was compli AOI Ne Ee ee te 
cated = by application of oil SPrays. express their appreciation to Dr. O. H. H f this Statios 
: ‘ f ipplving the sprays and taking the “ ' sis re 
Apparently they assumed that the first oma ; + = Sepecthe 
LITERATURE CITED 
Association of Official Agricultural Chemists. 1935. Official and tentative methods of analysis, 4th ed., 


PP. 249-9 

Fahey, Jack E., and Harold W. Rusk. 1939. Possible changes in ratio of lead to arsenious oxide in lead 
arsenate residues on apples Jour. Econ. Ent. 32(2): 319-22 

Pearce, G. W., and A. W. Avens. 1938. The ratio of lead to arsenic in spray residues from lead arsenate 
Jour. Ecor. Ent. 31(5): 594-7 

Samuel, B. L., and H. H. Shockey. 1934. A rapid and accurate photometric method for determination 
of lead in small quantities. Jour. Assoc. Offic. Ag. Chem. 17: 141-6 

Streeter, L. R., and G. W. Pearce. 19831. Reactions involved in the use of hydrates in lead arsenate 

sprays. Jour. Ind. Eng. Chem. 23: 1140 


t 





Fumigation of Sweetpotatoes with Methyl Bromide for 
Control of the Sweetpotato Weevil 


STEPHEN S. Easter, U 


The sweetpotato weevil (Cylas formi- 
carius (F.)) is at present found in Texas, 
Louisiana, Mississippi, Alabama, Florida, 
and Georgia. It attacks the vines and 
roots of the sweetpotato, making the 
roots unfit for human consumption. The 
entire egg, larval, and pupal stages and 
part of the adult stage are spent within the 
vines or roots. The larvae leaves frass-filled 
tunnels as they feed. From early in 
January until late in March, in 
where the weevil is found, the sweetpota- 
toes are bedded for propagating purposes 
under 2 to 4 inches of soil, where they 
sprout. The sprouts, or draws, are pulled 
up when 6 to 10 inches long and set out in 
the field. The object of fumigating the 
seed is to destroy all stages of imbedded 


areas 


weevils in order to prevent the spread of 
the insect. 

The problem of fumigating sweetpota- 
toes to kill the tmbedded sweetpotato 
weevil has been studied by several work- 
ers, Who have used various materials, 
including carbon disulfide, paradichloro 
benzene, and methyl bromide. 

Among those using carbon disulfide 
were M. M. High and F. A. Johnston, of 
the Bureau of Entomology and Plant 
Quarantine, who in 1916 obtained a com 
plete kill of the sweetpotato weevil, but 
with such severe injury to the sweetpota- 
the fumigant was not recom 
mended (unpublished data). A year later 
Newell (1917) stated that all stages of the 
weevil were destroyed by fumigating with 
this chemical in tight containers. Chitten 
den (1919) recommended the use of car 
bon disulfide, but, recognizing that many 
factors affecting success with this fumi 
gant were vet to be worked out, advised 
with ex- 

recom- 


toes that 


sweetpotato growers to use it 
treme caution. Reinhard (1923 
mended the use of carbon disulfide, giving 
a definite dosage, but he also recognized 
the possibility of injury to the sweetpota 
toes. Fukuda (1933) stated that the fumi 


he writer was assisted by Baker J. G beau, of the Bureau 
of Entor wr ind Plant Quarantine l s work was done in 
operation with the Louisiana Department \g ilture and 
Immiyratior which furnished working quarters nfested ma 
teria juip ind unpubl t vorke 
rmer ngaged in work the ' 


Ss Dy partme nt of {griculture . 


Bureau of Entomology and Plant Quarantine’ 


gant was not widely used in Japan, and 
pointed out that treated roots decayed, 
lessening their ability to sprout, and that 
fumigation did not entirely eliminate in- 
festations. 

The use of paradichlorobenzene as a 
fumigant has been attempted by several 
workers. High and Johnston began using 
it experimentally in 1916 and continued 
their work intermittently until 1925. As a 
result of their experiments a fumigation of 
21 days duration was recommended with 
a dosage of 1 ounce per crate? of sweetpo- 
tatoes. This treatment was confirmed by 
Cockerham (1935), and his recommenda- 
tions have been accepted and used by 
many growers in the Gulf States. The 
disadvantages of this treatment are that 
the fumigation period is long and subse- 
quent sprouting of the treated sweetpota- 
toes in the seed bed is retarded. 

Dozier (1939) tested a number of 
chemicals as fumigants for controlling the 
sweetpotato weevil. Methyl bromide was 
among these, and in afew preliminary 
experiments it exhibited an extremely 
high toxic effect on larvae, pupae, and 
adults imbedded in roots. No considera- 
tion was given to its effect on the sweet- 
potato, his work being done with old roots 
in May, June, and July, when they were 
well cured and hence less susceptible to 
injury. Methyl bromide, now coming into 
general use as afumigant for a number of 
commodities, has been shown to have a 
low toxic effect on plants and vegetable 
materials. Mackie & Carter (1937) have 
reported marked success in preliminary 
tests on Irish potato tubers, ferns, pansies, 
begonias, AKentia palms, and certain cut 
flowers, and Hawkins (1938) has reported 
on its use for quarantine purposes. 

The immediate objective of the research 
reported in this paper was to determine if 
methyl bromide could be used as a fumi- 
gant to destroy infestations of the sweet- 
potato weevil in sweetpotatoes, when ap- 
plied at concentrations that would require 
relatively short exposures to the gas and 
without causing appreciable harm to the 


There are approximately 50 pounds or 1 bushel of sweet 


potatoes ina crate. 
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The work 
Sunset, Louisiana. 
EQUIPMENT AND SWEETPOTATOES USEb. 
Fumigations were carried out both at 
reduced and at atmospheric pressures. For 
the studies at reduced pressure a vacuum 
chamber having a volume of 50 cubic feet 
and a pump capable of reducing the at- 
mospheric pressure initially to the equiva- 
lent of 4 inches of mercury (a 26-inch 
vacuum at sea level) was used. The stud- 


sweetpotatoes. was done at 


Table 1.—Mortality of third-instar larvae and 
pupae of the sweetpotato weevil at various inter- 
vals after dissection from the roots 48 hours after 
fumigation with methyl bromide. 








Days Percentage Morvatiry 
APTE! 
Dissect Fumi Unfumi Fumi Unfumi 
ING FROM vated vated vated vated 
Roots Larvae Larvae Pupae Pupae 
} 17.4 0.5 8.9 0.7 
5 17 1.1 24.0 2.0 
7 2.2 ;.S 0 | 
9 OS. 7.0 16.0 >.9 
11 77.8 3.6 41.2 tS 
1s a 20.7 625 7.2 
1S R87 mm 9 5 y 3 
Sper THe ts 
Observed 1.905 2, O92 174 1,518 
ies al atmospheric pressure were con- 


ducted in three 100-cubic-foot) wooden 
chambers, each of which was equipped 
with a fan and one with a thermograph. 
Another chamber having a capacity of 25 
cubic feet was constructed of 28-gage gal- 
vanized iron and insulated with 13 inches 
of bagasse board. A thermostat mounted 
in this chamber, controlling a strip 
heater and fan, made it possible to hold 
the temperature within about 4 Fahren- 
heit degrees. 

The sweetpotatoes used itl the exp ri 
ments were nearly all of the Puerto Rico 
variety, as this is the leading variety in 
the area involved, and the data here given 
should be considered as applying only to 
that variety. 

EXPERIMENTAL Procepure.— During 
the preliminary work experiments were 
run over a wide range of dosages, expo 
sures, temperatures, and loads at reduced 
as well as atmospheric pressure. Certain 
dosages were studied with the time varied, 
and all factors were held as nearly constant 
as the equipment allowed. Replications 
were run at the high mortalities as exten 
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sively as time and material permitted. 
This work was done mainly from Septem- 
ber through December in 1937 and 1938 
while naturally infested sweetpotatoes 
were available in abundance. 

In preliminary experiments it was 
found that a complete kill of all stages of 
the weevil imbedded in sweetpotatoes 
could be obtained with low dosages of 
methyl bromide at either reduced or at- 
mospheric pressure. In these experiments 
the insects were dissected out of the roots 
and placed in petri dishes 48 hours after 
fumigation was completed, and the num- 
hers dead and living were determined. 
When the examination was made at a 
longer interval fter fumigation. the 
mortality was found to be higher. There 
was a much higher death rate among the 
weevils from the fumigated potatoes than 
among insects from potatoes handled in 
the same way except not fumigated. In- 
fested sweetpotatoes were fumigated at 
would give less than com- 
plete mortality. The third-instar larvae 
the pupae from the 

after 48 hours, and held under 
observation until all had either died, pu- 
pated, or emerged. The insects were not 
recorded as dead until there was a definite 
discoloration of the Similar larvae 
and pupae were removed from unfumigat- 
ed infested sweetpotatoes and held under 
the same conditions. The results of obser- 
vations at 2-day intervals (table 1) indi- 
cate that the action of methyl bromide is 
delayed and that a reliable determination 
of its effect could not be obtained 48 hours 
after the fumigation. In subsequent ex- 
periments, therefore, the weevils were dis- 
sected out 48 hours after the fumigation 
was completed and observed for 8 days. 
Later all sweet potatoes were allowed to 
stand for at least 10 days after the fumi- 
All moving 
weevils were considered to be alive 

In the experiments at reduced pressure 
a constant dosage of 40 ounces per 1,000 


dosages that 


and were removed 


rr wots 


tissue 


gation before being dissected 


cubie feet was used for exposures varying 
in 15-minute periods. The pressure in the 
chamber was reduced to the equivalent of 
t inches of mercury, the unheated liquid 
was then introduced, and the 
brought up to 5 


fumigant 
pressure 
where it was held throughout the fumiga- 
tion period. At the end of the exposure the 
air pressure was brought to normal, and 


was inches, 
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the treated sweetpotatoes were removed 
without air-washing. The load was in 
bushel crates and varied from one-half 
crate to 2 crates. 

At atmospheric pressure a wide range 
was covered in dosage, time, load, and 
temperature. Dosages of from 5 to 160 
ounces per 1,000 cubic feet were used, with 
exposures of from 1 to 72 hours. The load 
was varied from one-half crate to 42 crates 
of sweetpotatoes per 100 cubic feet and 
the temperature from 45 degrees to 100 
degrees F. The liquid fumigant was intro- 
troduced through a glass tube in the top 
into a pan suspended 6 inches from the 
ceiling. The fan was set to direct a flow of 
air at this pan. The fumigant was meas- 
ured in a graduated cylinder and cooled 
below the boiling point before being intro- 
duced. 

The effect of temperature during fumi- 
gation was not thoroughly studied, but 
several comparisons were possible, all of 
which showed a decided increase in weevil 
mortality with a rise in temperature. In 
these studies the infested sweetpotatoes 
were maintained at the temperature to be 
used in fumigation at least overnight or 
until they had reached the desired tem- 
perature. It was found desirable to con- 
duct the fumigation at 70 degrees F. or 
This required heatin 
rooms, as sweetpotatoes are stored at 5 


above. special 


~ 
degrees F. and the temperature may range 
from 45 degrees to 65 degrees F. during 
the bedding season. The storage house, or 
kilns as they are called in the vicinity of 
Sunset, Louisiana, are unheated 

Factors APRECTING FUMIGATION AND 
BREAKDOWN OF SWEETPOTATOES.— Fol 
lowing fumigation with methyl bromide 
decay sometimes occurs which is appar- 
ently due to some physiological condition 
of the root. This decay may be followed 
by secondary storage rot, and the prev- 
alence of this rot may vary with a num- 
ber of factors, chief of which are 
exposure, condition of sweet potatoes, and 


ae save, 


temperature after as well as during the 
fumigation. Cured sweetpotatoes can be 
most successfully fumigated at dosages to 
kill all weevils, 
time to heal completely, and less fumigant 
or a shorter exposure is required than for 


because bruises have had 


fre shly dug sweetpotatoes. 
The postfumigation temperature was 
found to have an important influence on 
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the percentage of loss. This is shown strik- 
ingly in the results of experiments in 
table 2. Three lots of sweetpotatoes were 
treated at the same time with dosages suf- 
ficient to give complete mortality of im- 
bedded weevils and held under observation 
at different temperatures for 21 to 37 


Table 2.—Effect of postfumigation temperature 
on the breakdown in sweetpotatoes treated with 
methyl bromide in dosages sufficient to give 
complete mortality of imbedded weevils. 





Days TEMPERA- 

Num- Osservep TURI 
BER AFTER AFTER PER 
oO! FuniI- Fumri- CENT 
Lor CRATES GATION GATION Loss 
l l 33 50-60° F 35.0 
S+ 0.6 
2 2 37 50° F.* 94.9 
55T 66.1 
54 5.3 
3 2 21 60° FP. 89.0f 
S4 29 .5T 
1 (check 21 60 0.0 





* Approximate temperature of soil, as these sweetpotatoes 
were bedded immediately after fumigation 

t Average temperature of the kiln 

t A heavier dosage was used on lot 3 than on lots 1 and 2, 
which accounts for the greater loss 


days. As the temperature of the storages 
at Sunset, Louisiana, is 55 degrees F., 
or below in January and early in February 
it was found advisable to raise the tem- 
perature of the sweetpotatoes before fumi- 
gating them and to hold them after treat- 
ment at a higher temperature, and this 
may not entirely prevent decay. 

To determine the normal that 
might be expected from handling of seed 
sweetpotatoes, an experiment was carried 
out with 277 bushel crates of seed sweet- 
potatoes from five farms. The lots were 
selected to give variation in size and qual- 
ity. Lots 1 and 5 were small seed, roughly 
handled with a good deal of bruising; lots 
2 and 4 were far better than average seed, 
being larger and without bruising; and lot 
3 was of about average size and quality. 
These sweetpotatoes were transported to 
the laboratory, divided at random, and 
placed in two fumigation chambers. One 
chamber was fumigated for 4 hours at a 
dosage of 55 ounces per 1,000 cubic feet 
while the other was kept as a check under 
the same conditions. The sweetpotatoes 
were held at not less than 70 degrees F. 
for 9 days before they were sorted to 


loss 
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determine the decay. The sweetpotatoes 
were then returned to the farms and bed- 
ded under commercial conditions. The 
results are given in table 3. 


Table 3.—Loss in seed sweetpotatoes due to 
fumigation handling and to handling alone. 





SWEETPOTATOES 
HANDLED 
ONLY 


SWEETPOTATOES 
FUMIGATED AND 
HANDLED 


Per Cent Per Cent 





Lor Number Loss Number Loss 

l 5,858 20.6 7.036 1.4 

4 $ S22 2 0 t+. 786 1.5 

3 8,005 12.1 8. 286 3.6 

‘ } S82 . 3.980 0.6 

5 8 O84 27.8 +. 620 6.3 
Size of load, that is, the number of 


crates of sweetpotatoes per 100 cubic feet 
of chamber space, will influence the ef- 
fectiveness of the fumigation. This is 
shown in several series of experiments, 
some of which are recorded in table 4. It is 
noticeable from the table that when the 
dosage is increased with the increase in 
load the percentage mortality remains 
approximately the same, but when the 
load is increased without the increase in 
dosage, there is a marked decrease in 
effectiveness. 

Table 4.—Effect of load on the effectiveness of 
methyl bromide fumigation against the sweet- 


potato weevil, and on the dosage necessary to 
produce complete or comparable mortality. 





Loap, Per 
(CRATES Ex Newser Crates Nuweaer Cent 
per 100 Dosack posure rT Dis 7 Mor 
Cc. Fr. Ounces Hovrs Teats sectep, INsects TALITY 
4 0 5 4 13 +.118 100.00 
in 55 5 \ 23 1,148 100.00 
2 0 ‘ 5 10 1.800 00 36 
0 5 ‘ 4 14 1.040 Os 4 
l 10 24 16 1s > OTs 100.00 
18 10 zt 2 ‘ 1,465 64.05 





There is no consistent relationship be- 
tween the numbers of larvae, pupae, and 
adults found in sweetpotatoes. Eggs and 
adults are not so resistant as larvae and 
pupae. In table 5 it is shown that the 
pupae are consistently more resistant than 
the larvae, and that both are much more 
resistant than the adults. These compari- 
not include first-instar larvae, 
which have short tunnels mainly in the 
cortex of the sweetpotato, as the fumigant 
reaches these and kills them without dif- 
ficulty while deeply imbedded larvae may 


sons do 
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survive the same or similar treatment. 
Eggs naturally imbedded in the cortex 
were fumigated at a dosage of 15 ounces 
per 1,000 cubic feet for four hours above 
70 degrees F. Six experiments using this 
treatment were carried out on 56,857 eggs 
as estimated from suitable checks. Five 
survivors occurred among eggs 8 days old 
or less, hatching possibly occurring on the 
fifth day. Approximately four times this 
exposure would be required to kill all im- 
bedded stages. 

Mortality of the insect is obtained more 
easily in heavily infested sweetpotatoes 
than in those lightly infested. The heavily 
infested roots were used only in prelimi- 
nary fumigation experiments. 

Resutts or Experiments.—The re- 
sults of the fumigation experiments are 
summarized in table 5. 

At reduced pressure the mortalities are 
so high at exposures of 45 and 60 minutes 
that the latter would be fairly effective for 
control work in a heavily infested area. An 
exposure of 90 minutes at the same dosage 
would be required to be certain. the 
treated weevil-free, 
and some loss from decay or breakdown 
could be expected. Since vacuum fumiga- 
tion chambers are not common in the 
sweet potato-growing areas, this treatment 
is not so well adapted to control work as 
atmospheric fumigations. 


sweet potatoes were 


It is of particular interest to note that 
in both vacuum and atmospheric fumiga- 
tion a mortality of 90 per cent, or higher, 
is obtained at a relatively short exposure, 
but that a much longer exposure is re- 
quired to obtain 100 per cent mortality. 
This additional exposure the 
likelihood of loss from breakdown, and 
raises the question whether in a heavily 
infested area it is advisable to incur such 
loss in order to destroy all the weevils in 
the seed when there are likely to be seat- 
tered infestations in the margins of the 
field on escaped host material. In series 6 
to 9 at atmospheric pressure, where the 
temperatures are below 70 degrees F., 
with the dosage and period of exposure 
used, the mortality is considerably lower 
than in series 1 to 5 at higher tempera- 
tures. It is possible that longer exposure at 
a lower dosage might produce satisfactory 
results with less injury to the seed sweet- 
potatoes. During 1939 an exposure of 
five hours was used for treatment of com- 


Increases 
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mercial lots of sweetpotatoes for planting, 
and the losses from decay and breakdown 
were not considered prohibitive. 
APPLICATION OF EXPERIMENTAL Data. 
During the bedding season of 1939 seed 
sweetpotatoes were treated with methyl 
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earlier, than the checks. There was no 
record of the checks being superior. It 
should be kept in mind that only sound 
fumigated seed was bedded, all rots being 
discarded. The bedding took place from 9 
days to over a month after fumigation. 


Table 5.—Methyl bromide fumigation of sweetpotatoes infested with the sweetpotato weevil at a 
constant load of one crate per 50 cubic feet, and at varying periods of exposure. 





NUMBER ADULTS LARVAE PuPAE 
PemMPer or - 
ATURE EXPER CRATES Number Per Cent Number Per Cent Number Per Cent 
Sexres Exposure Decrees | MENTS Dissectt Found Mortality Found Mortality Found Mortality 
Minutes At Reduced Pressure, Dosage 40 Ounces per 1,000 Cubic Feet 
l a0 70-02 ‘2 2s 1.789 100.00 3.438 100.00 5,055 100.00 
2 75 72-80 ) ? 162 100.00 85 100.00 164 100.00 
oo 0-92 ] 14 2038 100.00 1,408 9908 1,885 99.52 
‘ 45 +78 $40 100.00 928 99.46 744 99 87 
a1) S4 124 100.00 152 29.65 293 58.36 
At At P D 40 Ounces per 1,000 Cubic Feet 
i 
l 5 6 87 - 1.085 100.00 1,405 100.00 1,630 100.00 
‘ 70-89 - } 261 100.00 1.020 99.31 609 99.18 
73-87 ’ 422 99.53 1,141 94.04 1,033 91.58 
4 2 7TO-S4 ( 208 100.00 tle 81.55 500 49.80 
' 72-73 ; 7s 67.95 286 1.39 $24 0.24 
t 2-67 | 6 100.00 58 96.55 16 81.25 
r 4 + -65 + 100.00 $1 70.97 10 90.00 
s t 6u 14 100.00 141 62.28 13 38.46 
rT) 2-58 16 25.00 207 14.97 252 1.99 
Ww uo 4 1) 23.73 584 5, 82 564 0.18 
At At } I> 20 Ounces per 1,000 Cubic Feet 
11 ; + Ss 9 100.00 236 100.00 25 100.00 
12 s o 82 212 100.00 64 98.06 425 95.98 
l 0 ‘ 245 100.00 525 95.43 388 91.24 
14 ( M ‘ ise 100.00 748 96.39 392 91.58 
15 4 2-76 " 51 100.00 464 92.24 3938 71.50 
16 ‘ t 4 {2 100.00 $88 67.08 514 36.77 
| ) 4 Is] 100.00 556 19.66 681 3.38 





bromide for a number of farmers in the vi 
cinity of Sunset, Louisiana. A constant load 
of 30 crates per 100 cubic feet was used, as 
this amount could be conveniently trans 
ported in the truck and fumigated as a 
unit in the 100-cubie-foot chambers. They 
were taken from farms to the laboratory, 
held at least 1 day before fumigation, and 
from 4 to 10 days after fumigation at 70 
degrees Fk. or higher, and returned to the 


Sprout GrowtH.-Sweetpotatoes show 
no loss of viability after fumigation with 
methyl bromide, except those discarded 
hecause of breakdown. There is some evi- 
dence that the postfumigation period of 


Table 6.—Fumigation of seed sweetpotatoes 
from farms in vicinity of Sunset, Louisiana, with 
methyl bromide for control of the sweetpotato 
weevil at 70 degrees F. or above. 





. , ‘ 5 Num Num Dosact CRATES Per 
farms to be bedded at the farmers’ con ER ssn  Qunces tx tLosver Cas 
’ : : > a — = — ai r 7; rer 1,000 posure, Break- MorTAL- 
venience under customary farm practices Farms Crates cvu.rr. Hours  pown ITY 
rhree treatments were used which pre ——- 
; ; 7 210 ‘ $ 15 91.50 
vious experiments had indicated would 24 67 55 ‘ 108.5 9884 
4 120 ny ) 12 100.00 


give approximately 95, 99, and 100 per 
cent mortality of all stages of imbedded 
weevils. Table 6 gives the results of these 
tests. The last treatment was satisfactory 
for local seed fumigations, but is not re- 
commended as a basis for certification for 
shipment of sweetpotatoes to a clean area, 
as insufficient experimental evidence is 
available. 

In most Cases check seed sweetpotatoes 
were bedded at the same the 
treated seed. In a number of beds the 
fumigated seed produced more 


time as 


sprouts, 





heating has a stimulating effect as com- 
pared with checks bedded at the same 
time. However, in one experiment con- 
ducted in the spring of 1939 check seed 
infested without fumigation and two lots 
of fumigated seed were bedded with seven 
replications of each treatment, 50 pounds 
of seed sweetpotatoes being used for each 
replicate. The sprouts were removed three 
times. An analysis of variance shows that 
the checks, the heated seed, and the fumi- 
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gated seed, with an insect mortality of 
91.5 per cent, show no significant differ- 
ence in the production of sprouts through 
three pullings. These three treatments 
gave significantly better results than the 
fumigation with a mortality of 100 per 
cent. 

SumMary.—-Methyl bromide is ex- 
tremely toxic to the sweetpotato weevil 
Cylas formicarius (F.)), even though the 
insect is deeply imbedded in sweetpota- 
toes. A complete kill of all stages of im- 
hedded weevils was obtained at both re- 
duced and atmospheric pressures. It 
exerts a variable deleterious physiological 
effect on the sweetpotatoes, which may 
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result in a considerable loss. This loss may 
be avoided partially by careful handling, 
partial curing, and postfumigation heat- 
ing. 

Small-scale fumigations seed 
sweetpotatoes from a number of farms 
gave results satisfactory to the farmers. 
The loss was not prohibitive, and the pro- 
duction of plants was equal to or better 
than that in the checks. 

The requirement of an airtight fumiga- 
tion chamber and provision for postfumi- 
gation heating mav restrict the use of this 
fumigant to those areas where the sweet- 


run on 


potatoes are raised on a commercial seale. 
8-5-40. 
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Residual Poison Sprays Against the Onion ‘Thrips 
on Carnations’ 


R. D. 


The onion thrips, Thrips tabaci Lind., 
Is SO Injurious to greenhouse carnations in 
eastern Washington that they may be- 
come entirely unsaleable. Damage occurs 
during the early fall, spring and summer. 


These seasons are characterized by in 
tense sunlight, high temperatures, and 


low humidity; climatic conditions which 
apparently favor the rapid multiplication 
of thrips. In feeding, the onion thrips 
punctures the pigment cells on the surface 
of the petals and ingests the fluid con- 
tents. As a result decolorized areas, com- 
monly referred to as “‘flecks,” appear on 
dark varieties (Fig. 1) and brown petal 
edges develop on light varieties. 
Greenhousemen in this area have been 
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using for years a paris green-brown sugar 
spray for thrips control on carnations, 
similar to the formula recommended by 
Dustan (1931) for gladiolus thrips control. 
It is used at a much lower concentration 
however, in order to reduce noticeable 
residue and injury to the blossoms as it 
must be used throughout the blooming 
period. Yet satisfactory control has not 
been obtained with this combination. It 
appeared that the small percentage of sol- 
uble arsehic in paris green, acting as a 
residual stomach poison, was the toxicant. 
\ccordingly the possibility of onion thrips 
control with other soluble insecticides was 
considered worthy of investigation. The 
destruction of adult thrips before they de- 
posited eggs or fed upon the petals was 
the objective. 
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Review.—Richardson (1934) carried 


on an investigation of the value of soluble 


insecticides for gladiolus thrips control, 
and concluded that the maintenance of a 
toxic spray residue on foliage was impor 
tant in thrips control. The gladiolus thrips 
prompted the development of many spray 





Kia. | Buds of red car 


combinations, most of which funetioned 
as residual POISOTLS. 

Eddy & Sharp (1937) found that 
Karava gum markedly increased the ef 
fective Hess of nicotine when used against 
several species of thrips. It seemed pos 
sible that nicotine was functioning as a 
residual poison in this combination al 
though Maddy Sharp considered 


Karava gum solely as an activator of 


and 


nicotine. 


Nelson (1938) reported that tartar 
emetic 4 lbs. with brown sugar 16 lbs. in 
100 gallons of water was as effective 


against the gladiolus thrips as paris green 
and brown sugar. Furthermore it was 
cheaper, since less sugar was required, and 
it did not injure plant foliage. Boyce & 
Persing (1939) used tartar emetic effec- 
tively for the control of thrips on citrus. 
While this manuscript was in prepara- 
tion Anderson & Walker (1940) reported 
that tartar emetic 2 Ibs. plus brown sugar 
8 Ibs. in 50 gallons of water was effective 
against onion thrips on onion and bean 


foliage. 
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Metuops.—Small plot tests in the green- 


house proved unsatisfactory for testing 
the effectiveness of residual poisons for 
onion thrips control on carnations. Con- 
clusive results could not be obtained prob- 
ably because of the migration of thrips 
between plots. 


A laboratory method for 





nations showing severe thrips feeding injury. 


testing residual spray combinations which 
obviated handling the delicate and agile 
insects Was developed for this purpose 
through modifications of the thrips rear- 
ing method of Bailey (1932) combined 
with the apparatus used by Kearns & 
Compton (1938) in testing insecticides on 
red spiders. 

Bent glass tubes, 4 mm. inside diame- 
ter, were inserted as siphons through No. 
8 rubber stoppers into 4 oz. bottles func- 
tioning as water reservoirs. Excised carna- 
tion inserted — in tubes 
remained fresh from all outward appear- 
ances for two weeks. Five tubes for the 
leaves, plus one for adding water and a 
straight tube as an air vent comprised 
each bottle unit (Fig. 2). The sharpened 
ends of matches were used as 
plugs to close the portion of the tube not 
occupied by the leaf. This prevented the 
thrips from entering the tubes and drown- 
ing. Each bottle so assembled was then 
sprayed as a unit test. 

Materials were applied with a one pint 
bottle sprayer which fine mist 


leaves these 


wooden 


gave a 
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spray. Care was taken to apply material 
lightly so that droplets would not coalesce 
and run off the foliage. Thrips were placed 
on the sprayed foliage while it was still 
wet or up to ten days after spraying as the 
conditions of each test required. In most 
cases they were caged as soon as the spray 
dried on the foliage. 





thrips 


\pparatus used in caging 


on sprayed foliaye 


Adult thrips for caging on the sprayed 
foliage were collected by aspiration di- 
rectly into 20 mm. glass tubing screened 
with fine mesh cloth. Cork rings were used 
to hold the cloth in place so as to eliminate 
hiding places. The glass tubing cages were 
attached over the sprayed foliage with the 
aid of a No. 3 rubber stopper placed on 
the water siphon tubes. Five thrips per 
cage, or 25 per test, proved to be about all 
that could he readily observed. The num- 
bers of living and dead thrips were counted 
at daily intervals either by inspection 
through the tube or by opening the cage. 
There were some escapes from this up- 
paratus but they could be readily noted. 
After completion of a test the tube cages 
were easily dismantled for thorough clean- 
ing. 

From untreated units it was determined 
that normal mortality increased sharply 
after 3 days (table 1). Furthermore a 
spray combination to be effective must 
destroy the thrips rapidly; so the tests 
were limited to an interval of 3 days. 

LaBporatory Resuits.—Paris green at 
the rate of 8 oz. in 100 gallons of water 
plus 8 Ibs. of brown sugar, the standard 
dilution used by the greenhousemen, was 
found to produce 50 per cent kill in 3 days 
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table 2). The effectiveness increased to 
80 per cent kill when a concentrated mix- 
ture was prepared a week or more before 
dilution to spraying strength. Still longer 
standing of the concentrate did not fur- 
ther increase effectiveness. When Paris 
green was used alone, even at greater con- 
centrations, the kill dropped markedly. 

A number of commercial pyrethrum 
and rotenone spray concentrates in use by 
greenhousemen were tested for their ef- 
fectiveness as residual poisons. An ace- 
tone extract of derris containing 5 per 
cent rotenone plus Karaya gum and 
spreading agents was compared with these. 
All produced a kill of below 50 per cent at 
the normal spraying dilutions of about 
1 to 500 or .0085 to .OL per cent rotenone. 
At concentrations of 1 to 100, the kill, in 
some cases, approached 100 per cent 3 
days after caging. This effectiveness how- 
ever diminished rapidly 2 days after 
spraying. 

Nicotine sulfate at the rate of 1 pint in 
100 gallons of water plus 1 pint of molas 
ses proved to be an effective combination 
table 2), although some of the kill was 
probably due to fumes in the cages. Mor- 
talities as high as 100 per cent and averag- 
Ing SO per cent were obtained on the first 
or second day after caging, even when the 
insects were caged 24 hours after spray- 
ing, but the combination lost its toxicity 
2 days after spraying. Nicotine sulfate 
alone killed only 50 per cent immediately 


Table 1.—Normal mortality of thrips caged on 
untreated foliage; 25 thrips per test. 





NUMBER oF 

Days | 4 } ) ( 

Per cent Mor 

tality 
Minimum a 0 0) 20) +t 71 
Maximum 19 7 SI 87 SS 100 
Average of 

24 tests } S 20) os) 





after spraying and lost its effectiveness 
rapidly. Molasses only 
normal mortality. 

Nicotine sulfate al the rate of 253 OZ. in 
100 gallons of water, plus 18 0z. Karaya 
gum, with ethyl aleohol to facilitate mix- 


alone showed 


ing, and 255 oz. of pine oil gave good con- 
trol. 80 to 100 per cent (table 2 Most of 
the kill was obtained the first day after 
caging. Even 5 days after spraying it was 
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as toxic as immediately after drying. 
After 7 days the kill dropped sharply, al 
though 2 tests showed about 50 per cent 
kill after 8 and 10 days. Increases in con 
centration of nicotine sulfate up to 51 oz. 
per 100 gallons with corresponding in 
creases in the other 
combinations which retained effectiveness 
after 7 days. Concentrations of 21 0z. and 
17 oz. per 100 gallons gave results com 


ingredients gave 
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lbs. per 100 gallons the kill was about 75 
per cent but foliage was severely burned. 
Sodium fluoride at the rate of 13 oz. per 
100 gallons was ineffective. At 253 oz. per 
100 gallons it was comparable in efficiency 
to white arsenic and did not produce 
foliage injury. Mercuric chloride was in- 
effective at the rate of 63 0z. per 100 gal- 
lons. These materials were all used with- 
out brown other 


sugar or substances 


Table 2.—Laboratory tests of paris green with brown sugar, and nicotine sulfate with molasses 


and Karaya gum. 25 thrips per test. 








Aw en 100 Gaus. Wa Per Cent Mortacitry 3 Days Arrer Cacrine 
( Caged Caged Caged 7 
24 Hrs ? Davs Days or 
N sy Ne ifter No after No more after 
Ins Ad I I) fests Spraying fests Spraying rests Spraying 
, : . ‘ ore | nixed 
Pa . B si ( ntrated solution mixed 
a week betore ust 
Nicot Black 
su M mA) 86 l 0 
N t Kara x 2-5 da 
Su Pp ’ 4 12 S4 $ 22 
sare 
‘ 0 | 87 
N kK gu 
“ Pine l 87 
Nic ' R 
S Pin TD 1 100 
N 100 
s Pin 
\ Ka F 8 81 
~ Pir 
N Ka ‘ 4 
Si Pin 
Nu r 16 6a 
~ P 
parable to the first combination but which would induce thrips feeding. Indi- 
weaker dilutions were inferior cations are that they might prove suitable 
It was considered that nicotine fumes for thrips control when combined with 


might be responsible for some of the kill 
ing. Tests where the cages had 
through them by 
slightly more than 60 per cent control: 
however, in this current of air the thrips 


air drawn 


vacuum averaged 


were observed to be moving about much 
less than in the other cages. This reduc- 
tion of movement may for the 
apparently lowered toxicity the 
thrips failed to come in contact with the 
spray the extent. Also 
the fact that there is some toxicity left in 
the mixture afteras much as 10 days indi 
cates that nicotine fumes contribute only 
a small part of the killing power 

White arsenic at the rate of 64 oz. per 


100 gallons of water gave no control. At 2 


account 


since 


residue to same 


brown sugar or other spray adjuncts. 
Tartar emetic at the rate of 4 lbs. in 
100 gallons of water plus 16 Ibs. of brown 
sugar gave about 100 per cent kill. These 
results were obtained when thrips were 
caged immediately after spraying or up to 
7 days after spraying (table 3). Reduc- 
tions in concentration to as little as } Ib. 
per 100 gallons for tartar emetic and 2 lbs. 
per 100 gallons for brown sugar gave com- 
parable results, although a little slower in 
action at the weaker dilutions (table 4). 
Molasses at the rate of 1 pint per 100 gal- 
lons of water proved comparable to brown 
sugar as a spray adjunct. Corn syrup 
proved to be another substitute for brown 
sugar. Recent rests indicate that sucrose 
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Table 3.—Lasting effectiveness of tartar emetic and the influence of accessory materials in labora- 
tory tests. 25 thrips per test, showing per cent mortality of onion thrips 3 days after caging. 





AMOUNT PER 100 GALLoNns or WATER 





Caged 4 
( ived Caged and ) ( aged 7 
when 24 lirs Day ‘ Davs 
l'artar No Spray No after No after No after 
emetic Adjunct Tests Dried Tests Spraying Tests Spraying Tests Spraying 
Brown Sugar t days 
t Ibs 16 Ibs } oy ] oot, O0F; | 100”; 
Corn syrup > davs 
t Ibs 2 gals ] oo 
Sulphonated Castor Oil 
+ Ibs 254 OZ l i , 
or white sugar is just as effective as the house ranges over periods of several weeks 


brown sugar. When used in the laboratory Some of these tests were premature, oc- 
with sulphonated castor oil, tartar emetic casioned by the fact that the carnation 
proved ineffective. Tests withtartaremet- growers were seeking immediate relief 
i¢ alone showed that it was relatively from thrips damage and could not wait 
ineffective without brown sugar or a_ for the completion of laboratory experi- 
similar material. A number of these ments. The sprays were applied at about 
tests were duplicated on gladiolus thrips, weekly intervals unless otherwise stated. 


Taeniothrips simplex Morison, with ap- Paris green 8 0z., plus brown sugar 8 
proximately the same results (table 4). — lbs., placed in 1 gallon of water a week or 


Gladiolus thrips constitute about 10 per = more before spraying was found to hold 
cent of the thrips infesting carnation thrips damage to a minimum. The ma- 
Howers. terial was diluted with 100° gallons of 

Calcium antimony tartrate at the rate water at the time of spraying. These re- 
of 4 Ibs. in 100 gallons of water plus 16 lbs. sults were obtained during the fall and 
of brown sugar was found to give 100 per early” spring, even without spraying 
cent kill 2 days after caging even though through the winter months when thrips 
the thrips were not placed on the foliage damage is at a minimum. With the ad- 


until 6 days after spraying. vent of late spring the combination failed 
GREENHOUSE Usre.—On the basis of the — to check the increase of thrips damage. 

results obtained in the laboratory, spray Available commercial spray concen- 

combinations were tried on entire green- — trates containing 18 per cent pyrethrum 


Table 4.—Effectiveness and rapidity of action of tartar emetic at low concentrations against the 
onion thrips and gladiolus thrips in 14 laboratory tests. 25 thrips per test, showing per cent daily 
mortality when caged as soon as spray dried. 





AMOUNT PEI 


100 GALLONS or WATER Onxton Turips Guiapiotes Turips 
Tart ir 

emet i Brown sugar No. davs-1 4 } ] 4 

? Ibs t Ibs S4 roo SA) 100 

2 Ibs t Ibs 79 100 S4 100 

2 Ibs 8 Ibs 69 9] 100 S4 roo 

Blackstrap molasses 
2 Ibs 1 pint x1) oY 100 6S av 100 
Brown sugar 

I lb 2 Ibs SO 96 100 72 92 100 
L Ih 2 Ibs 4 S4 100 71 5 100 
4 Ibs 8 Ibs &3 100 78 96 100 
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extractive and a derris extract of 1} per 
cent rotenone used at 2 quarts and 1 quart 
per 100 gallons of water respectively 
failed to check thrips damage during the 
late spring period of rapid increase in 
damage, even when applied twice a week. 

Nicotine sulfate 1 pint and molasses 1 
pint in 100 gallons of water proved satis- 
factory in holding thrips damage to about 
10 per cent damaged flowers although the 
grower used it throughout the winter at 
weekly intervals and at semi-weekly in- 
tervals during the spring. Nicotine sulfate 
was not tried at other 
Higher concentrations of molasses rend- 
ered the cut flowers unsightly, whereas at 
1 to SOO the residue was hardly noticeable 
vet the same droplet formation had been 


concentrations. 


produced 

The nicotine sulfate-Karaya gum com- 
bination, in spite of the excellent labora- 
tory results, was not tested very exten- 
sively in the greenhouse. This was due 
largely to the difficulty experienced in 
mixing the Karaya gum and to the un- 
sightly residue the gum particles left on 
the foliage. One small greenhouse test indi- 
cated that it was an efficient thrips control 
measure 


Table 5.—Tartar emetic with brown sugar 
reduced thrips damage from 100 per cent to 32 
per cent on Spectrum Supreme variety of red 
carnations when used four times at weekly inter- 
vals in a greenhouse. 





Porat Py 

Neuwper Fuowens Cr Parrar 

1940 Dyan Daw EME 
Dy FLOWERS } \ APPLE 
April 24 G4 14 100 No 
So Yes 

Mav 6 6 326 97 Yes 
1S 7 ILS 9 Yes 

2) ISS b2 9] Yes 

7 2) 100 0 No 

June } 4 10S ) No 





Tartar emetic 2 lbs., plus brown sugar 
t Ibs. or blackstrap molasses 1 pint, to 
100 gallons of water has given by far the 
best results of all the combinations tested 
under greenhouse conditions. By using 
this formula a crop that appeared to be 
table 5). With this 
combination it was also possible to kee p 
flowers practically free of damage through- 
out the period of heaviest infestation 
table 6). Higher concentrations of tartar 


ruined was salvaged 
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emetic caused severe flower injury and 
more brown sugar or molasses produced 
objectionable visible residues. At the 
strength indicated there was some petal 
injury, especially on the lighter colored 
varieties, and the residue became objec- 


Table 6.—Tartar emetic with brown sugar 
applied nine times over a period of four months 
limited thrips damage to 1 per cent on King 
Cardinal variety of red carnations in a green- 
house. 





1940 FLowers Fiowers Per Cent 

Dari EXAMINED Damacep Damacep 
February 7 400 2 5 
(April 19 100 2 5 
SO 400 0 0 
May 13 500 6 1.2 
27 666 1 1S 
June t 592 3 5 





tionable through accumulation after too 
frequent applications. 

No other materials have been tried in 
greenhouses. 

Discussion. —Tartar emetic approaches 
the ideal residual poison for thrips con- 
trol. It is highly toxic, quite rapid in aec- 
tion, completely soluble, does not de- 
teriorate on the foliage and is relatively 
non-injurious to the plants. Alone it is 
not attractive to thrips, but this defect is 
easily remedied by the addition of a spray 
adjunct such as brown sugar. Apparently 
concentrations as low as 8 oz. per 100 
gallons can be used, especially where a 
sustained spray program is needed on long 
season crops. On carnations, three or four 
weekly or biweekly applications are re- 
quired in the fall, starting before the 
flowers appear, then no more are needed 
until February when three or four weekly 
or biweekly applications should be made. 
This is followed with applications about 
every 3 weeks until the end of the season 
in July. The essential point to consider is 
the maintenance of a toxic residue which 
is not objectionable in appearance. 

Brown sugar, molasses, and similar ma- 
terials increase the surface tension of the 
spray solution. When applied as a mist 
type spray fine droplets rather than a 
film are deposited. Kxcessive spraying 
tends to make these droplets coalesce and 
run off the carnation foliage. Excessive 
spraying also produces an accumulation 
of spray material in the flowers which 
causes injury. The formation of droplets 
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and the moisture holding or hygroscopic 
action of the brown sugar seem to be the 
factors inducing thrips feeding rather than 
the sweetness. 

Brown sugar and molasses increase the 
toxicity of paris green, especially after a 
period of time, probably by 
more soluble arsenic as shown by Rich- 
ardson (1934). Boiling paris green and 
brown sugar in a small amount of water 
makes the mixture still more toxic when 
diluted for spraying; however this increase 
in toxicity is accompanied by severe plant 
injury. Paris green in brown sugar solu- 
tion is too slow in action and too injuri- 
ous to flowering plants to warrant its use 
for thrips control on carnations except in 
regions of very light infestation where it 
would not have to be used very often. 

Nicotine sulfate in combination with 
molasses does not persist as a toxic resi- 
due for more than two days. Only with 
frequent applications can control be ob- 


releasing 


tained and so it is not practical. 
Nicotine sulfate in combination 

Karaya gum forms a residual poison ca- 

pable of holding thrips damage to a mini- 


with 
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mum. The difficulty of mixing Karaya 
gum with water raises a question as ‘to 
its practicability; furthermore, the gum 
leaves an unsightly residue. 

Rotenone and pyrethrum extracts com- 
bined with wetting and spreading agents 
failed to function as_ residual poison 
sprays. The fact that they do not persist 
as toxic residues largely explains the fail- 
ure. 

Mercury and fluorine compounds and 
other compounds of arsenie and of anti- 
mony offer possibilities as thrips poisons, 
especially the latter which are more solu- 
ble and less injurious to plant tissues than 
the others. 

Summary. Tartar emetic 2 lbs., plus 
brown sugar 4 lbs., in 100 gallons of water 
is the best residual poison spray combina- 
tion tested for thrips control on green- 
house carnations. 

Nicotine sulfate plus molasses or Karaya 
gum; and paris green plus brown sugar 
have some value but are inferior to tartar 
emetic. Preliminary tests of other ma- 
terials indicate that they may prove suit- 
able. —8-7-40. 
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Dur doubtless to disruption of the ordinary 
shipping procedure in Great Britain by war condi- 
tions, crates and boxes containing various articles of 
England, have 
New York to be 
part of pieces of elm wood sometimes still covered 
with bark 


Europe is prohibited by the 


merchandise from recently been 


found on arrival at constructed in 
The entry of elm wood with bark from 
Dutch elm 
since such materials may not 


disease 


quarantine No. 70), 


The Control of Common Red Spider and Thrips by 
Jour 
asa Field spray 


Nicotine, Paris Green, and Other Poi 


the Use 
Econ. Ent. 315 
Against the Gladiolus Thrips. Jor 
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sons in Combination 
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only carry the Dutch elm disease fungus, Graphium 
ulmi, but mia also be infested by insects, particu- 
larly Scolytus spp., 
tant agents in spreading this disease. Measures have 
heen taken to see that all this elm crate and box 
material is destroyed by burning and to emphasize 


which are recognized as impor- 


to the English shippers concerned the prohibition 
on its use 





Attractiveness to Codling Moth of Substances Related to 
Those Elaborated by Heterofermentative Bacteria in Baits 


J. R. Ever ano J. T. Mepier* 
Vew Mexico Agricultural Experiment Station, State College, New Mexico 


In 1987 the authors first reported (Eyer 
et al. 1937) on the possible role of certain 
species of bacteria in the production of 
attractive fermenting 
sirup solution (Brer Rabhit sirup 1 part by 
volume to 9 parts of water) used as a bait 
for the adult codling moth, Carpocapsa 
pomonella Dass in New Mexico. Of some 265 
species of bacteria and yeasts found to be 
normal inhabitants of the bait flora. three 
in particular are receiving further study 
because — their occurrence 
throughout the season in such baits has 
been demonstrated and 
further comprehensive field tests over two 
seasons, 1937 and 1938, 
that cane sirup bait fermented by pure 
cultures of these species usually attracts 


substances in a 


consistent 


also because 


demonstrated 


more codling moth adults than does the 
same bait when allowed to ferment in 
the field through natural contamination 
from the mixed bacterial and fungal flora 
of the surrounding air. The results of two 
such field comparisons are presented in 
table 1, Aand B. 

The three species of bacteria concerned, 
Le .. .Lerobacter ae rogenes, A. orytocum, and 
Aerobacillus polymyxa have been grown 
on the customary differential media and 
their identity verified by authorities in the 
particular groups. Morphologically, the 
two species of le robacter may he char- 
acterized as short, 
motile rods which grow singly or in short 
chains on ordinary culture media. The 
growth is white, pearly and iridescent for 
and soft and fluffy for 1. 
lerobacillus polymyxa, on the 


gram-negative, non- 


A. ae rode Nes, 
orytocum 
other hand, 
tive rod, producing spores on carbohy- 
drate media and viscid 
creamy or yellow appearance in culture. 
More detailed deseriptions of the mor- 
phology and cultural 
these organisms are to be found in the 49th 
Annual Report of the New Mexico Agri- 
cultural Experiment Station (Garcia 
1938 

Phy siologically, these spec ie sare char- 


is a long, motile, gram-nega 


evidencing a 


* Jur ithor with Divisior 
Minnesota, St. Paul, Minnesota 


characteristics of 


acterized by bacteriologists as “heterofer- 
mentative,” because of their ability to 
produce a comparatively large number of 
fermentation and dissimilation products, 
particularly alcohols, aldehydes, ketones, 
organic acids, and certain gases. Buchan- 
an and Fulmer (1930) state that the 
principal compounds produced in the fer- 
mentation of sucrose, glucose, and fruc- 
tose by the species of Aerobacter as 
determined by Kluyer, Donker, and Kay 
are acetaldehyde, formic, acetic, succinic, 
and lactic acids, ethyl alcohol, acetyl 
methyl carbinol, carbon dioxide, and hy- 
drogen. Aerobacillus produces, in addition 
to the above-mentioned, butyl alcohol, 
butylene glycol, and acetone. Further 
interactions may result in the production 
of fumaric and lactic acids and these on 
hydrolysis produce malic acid. Various 
amino and phenyl substitution com- 
pounds are possible when protein disinte- 
gration products are formed from the 
bodies of dead bacteria or yeasts. Among 
these a-amino acetic acid (glycine), 
phenylacetic acid, and hydroxybenzoic 
acids have been demonstrated. 

Naturally, the determination of all the 
fermentation and dissimilation products 
possible in sirup bait is a long and tedious 
procedure. Thus far our investigations 
along these lines have been limited to 
ascertaining some of the simple acids, 
alcohols, and related products which are 
actually present in appreciable amounts 
in such baits during the time of their 
attractiveness to the codling moth, 7.e., 
within the first 10 days of their exposure 
in the field. For this purpose, 500 ce. 
samples of sterile cane sirup solution of 
the same composition as that used as bait 
were inoculated with each of these three 
species of bacteria. These were allowed to 
ferment for a period of 10 days in the 
laboratory at room temperature. They 
were analyzed at intervals during this 
period, using the partition techniques of 
Osburn & Werkman (1931), and Stahly 
& Osburn (1934). Table 2 presents the 
results of one of these analyses at the end 
of a ten-day period of fermentation. 
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Table 1A.—Catches from cane sirup bait inoculated with heterofermentative bacteria, exposed in 


pint fruit jars,* June 10 to June 30, 1937. 








Days Orprratep 
I Al AVERAGE 
NAM ORGANISM ‘ 6 8 10 12 14 16 1s , ‘ i rPeR Day 
Bait ler 0 2 ) 14 12 2 0 0 0 t 2.1 
Sait 2—Aer j l ’ ) 10 2 ' $6 
Ba ter ymy = nl 0 0 l ; | 0 0 0 0 S 0.4 
Bait 4+—A ymyra, St il 0 l 8 ' 12 5 l ! ( A 
() Cane sirup N , 0 0 0 l 0 l 0 l | 0 t 0.2 
*EFa t t 50 Brer R 8 » solution moculated with the ga neicated, | ced in a pint mason jar 
This w wottor “ 1 tin pail co ng few inches of wat t sist trapping the moths 


These analyses revealed that ethyl alcohol 
is the most abundant of the simple alco- 


hols, that acetic and lactic acids are the 


prevalent acids, and that the end-prod- 
ucts of the aldol and acyloin condensa- 
tion reactions are represented by acetyl 
methyi carbinol and acetone. 


ness of homologous series of (1) aleohols 
closely related to ethyl aleohol, (2) of 
organic acids closely related to acetic acid, 
3) of esters likely to be formed by the 
combination of aleohols and acids of the 
aforementioned two series, (4) of the di- 
basic and hydroxy acids closely related to 


Table 1B.—Catches from cane sirup bait inoculated with heterofermentative bacteria and sur- 
rounded by an electrified grid.* July 28 to September 2, 1937. 





Days Opera 





Nami Orxncaxism Us I AVERAGE 
I ‘ f 8 » | 14 16 18 20 , $ 26 S s Ca rER Day 

Ba ler o ¢ t i t ds 6.7 
Bait 2 ler i I s 2 ‘ s 2 l l s ’ 
B fer 

Strain I t 1 8 Ss 14 s 6 2 ? 4 l . 2.4 
Bait 4—Aer 

Strain II 8 f ‘ 2 0 ? | 
Check—Ca ip 

ganisms and ) 14 (8 ee a a a a » 0 1.8 

* Fac t “ lof 500 Bret R it ted w rg . : juart jar pro 

led Ww i gauze ertoy ka vas 1 t i Model AK 1 mer 
| ec ~ ' sadie - Phe o mene spa eneath the electr 


The establishing of the occurrence of 
these compounds through chemical analy- 
sé suggested that further investigations 
of the attractiveness of pure chemicals re- 


‘Ss, 


lated to them might furnish additional 
information concerning the nature of 


attractiveness with respect to this particu- 
lar insect. Thus far the experiments have 
consisted of comparisons of the attractive- 


lactic acid and of the more common alkyl 
esters derived therefrom, (5) of higher 
alcohols similar to acetyl methyl carbinol, 
and (6) of the gases known to be formed 
during aleoholie fermentation 

Metuops.— The 


mentioned were compared in pure from 


che mical compounds 


under different environmental conditions 
by the following methods | In the 


Table 2.—Analyses of cane sirup baits fermented by pure cultures of aerobacter and aerobacillus 


for 10 days at room temperature. 





[so- 
Eerny PROPY! 
ALoo ALCO 
BacTERIUM HO HOl 
Per cent 
ferobacter aerogenes, Strain 1 Sz 
lerohacte 1" } , Strain 2 72 
lerobacter aerogenes, Strain 3 1.12 
ferobacter aerogenes, Strain 4 1.08 
ferobacter oxrytocum 1.04 
ferobacillus polymyxra, Strain | 73 
{erohacillus polymyzxa, Strain 2 Sz 


Bury id B La 

ALCO Ace PO i ri 

HO! Acip Yor \cip Acip ACETONE 

Per cent Per cent 

6o 
61 l'race 
7 Trace 
9 lrace 
70 l'race 
60 4 OSS, 
7) 10 OS6%, 
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laboratory by releasing moths in an ol- 
factometer of the type described by Kyer 
(1937) but provided with eight lateral 
arms bearing the jars of attractants. In 
this case the chemicals with the exception 
of gases, were emulsified at the fate of 1 
ec. of liquid or 1 gram of dry material in 
99 cc. of a mixture of gum tragacanth, 
glycerine and water.* This formula was 
suggested by a manufacturer of aromatic 
chemicals for effecting a slow, even evolu- 
tion of aroma. The procedure followed in 
recording and evaluating these catches is 
further described in the next section. (2 
Additional comparisons were then made 
of the chemicals found to be attractive in 
the olfactometer hy suspending 1 per cent 
emulsions of them in quart fruit jars in 
trees in the College apple orchard and 
comparing them with the standard can 
sirup bait as check. Records of their 
attractiveness were taken for the duration 
of the flight period of the moths of the 
generation concerned and the results were 
recorded as moths per trap per day, and 
percentage ratio to the sirup bait. (3 
Chemicals found to be attractive by 
methods | or 2 were exposed as in 2 in jars 
suspended Wma large screen Cage over an 
apple tree. Newly emerged moths 
placed Ith the Cave each day and the avcr- 


were 


age catch could be compared with the 
catches obtained hy method 2. This pro 
designed to supplement 


cedure Was 


procedure 2 by 
newly emerged moths for each night of 
the test. (4 
by volume or weight of the same attrac- 
tive chemicals were added directly to 


providing a number of 


Qne percent concentrations 


standard cane sirup bait and exposed in 
the orchard as in method 2 in order to 


determine whether they increased at- 
tractiveness during the course of the 
fermentation 

{ESULTS AND Discussion: —The ol 


factometer tests of 1987 were carried on 
during March using moths reared from 
larvae overwintering in bands, these being 
of the same Spring generation as those 
caught later in the field between \pril Ld 
and May 15 (table 7). Preliminary trials 
with esters of the simpler acids and alco 
hols have been reported in a previous 


publication 1937) using the same appara 


Eyer & Mepuer: BactrertaL Propucts in Mora Baits 935 


Table 3.—Results of comparisons of simple 
alcohols and acids in the olfactometer. 





AVERAGE Per- 
CATCH CENTAGE 
Nus- PER Ratio 
BER Reptti- ro 
MATERIAI CAUGHT CATION CHECK 
ALCOHOLS 
Methy! | ss) 100 
Ethyl 0 
n-Propy| 2 66 200 
lsopropy! + 1.33 100 
n-Butyl 0 
Isobutyl 0 
Amy! 0 
Isoamy! 0 
Check l 38 100 
\cIDs 
Formic l iS 50 
Acetic 0 
Propionic 2 66 100 
Butyric 0 
Valeri Not tested 
Check 2 66 100 





tus. The design of apparatus was sug- 
gested by the work of Peterson & Haeuss- 
ler (1928) who used a somewhat similar 
contrivance for determining the response 
of the codling moth and the oriental fruit 
moth to colored lights. In the preliminary 
experiments it was found that the same 
essentials were necessary to secure activ- 
ity and response on the part of the moths 
as were observed by these earlier workers, 
i.e.,conducting tests with recently emerged 
evening hours’ when 


moths during 


Table 4.—Results of comparisons of hydroxy, 
dibasic and aromatic acids in the olfactometer. 





AVERAGI Prr- 
CATCH CENTAGE 
NuM- PER Ratio 
BER REPLI- ro 
MATERIAL CAUGHT CATION CHECK 
Hyproxy AND Dipast 
\ IDS 
Oxalic 0 
Lactic l 33 66 
Maloni l 33 66 
Succinic 2 1.00 200 
Suecinie (Solid l .50 100 
Check l 50 100 
Aromatic AcIps 
Benzoic 0 
Benzoic (Solid 0 
a Toluic 0 
a-Toluie (Solid 2 2.00 200 
Check l 1.00 100 











they are normally most active and at 
temperatures above 70 degrees. In addi- 
tion it was found that when attractive 
chemicals were used, illumination of low 
intensity assisted in maintaining activity. 


Table 5.—Results of comparisons of esters of 
simple acids in the olfactometer. 





AVERAGI Per- 
CATCH CENTAGE 
Num PER Ratio 
BER Repu ro 
MATERIAI CAUGHT CATION CHECK 
ESTERS OF SIMPLE AcIDs 
Methyl acetate 4 t 106.7 
Methyl propionate 11 11 293 .3 
Methyl n-butyrate 14 14 373.3 
Ethyl acetate “4 2 53.53 
Ethyl oxyhydrate 0 
Ethyl propionate 6 6 160.0 
Ethyl buty rate ) ) 83.5 
Ethyl valerate l | 26.7 
n-Propyl acetate i) 
Isopropy! acetate | | 26.7 
Propyl propionate ; } 80.0 
Isopropyl propionate i) 
Propyl butyrate 0) 
n-Butyl acetate | l 26.7 
Isobutyl acetate 4 “4 8.8 
n-Butyl propionate | | 26.7 
Isobutyl propionate 2 2 535 
n-Butyl n-butyrate | | 26.7 
Isobutyl butyrate 0 
Butyl valerate 4 2 3.5 
Isobutyl valerate 2 2 i 
Amy! formate 0 
fsoamy! acetate ) 
lsoamy! propionate l 26.7 
Isoamy! butyrate 0 
(my! valerate 0 
Amy! caproate | ] 26.7 
Check 15 $75 100.0 





In order to insure these conditions the 
following procedures were observed: All 
olfactometer tests were conducted ina dark 
attic room where the temperature aver- 
aged 70 to 75 degrees, and their duration 
was approximately from 6:30 to 10:00 
P.M. For illumination a 25-watt frosted 
mazda light globe was so placed above the 
olfactometer as to illuminate white glazed 
cardboard reflectors placed to face the 
outer end of each of the eight arms. Ad 
justments in height of light source and 
angle of reflectors were made so that the 
lateral compartments were illuminated to 
an intensity of approximately 1 foot 
candle. Since the average catch per re- 
plication by the check (i.e., tragacanth- 
glycerine Emulsarome) was usually less 
than that of the more attractive chemicals 
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during the course of the olfactometer com- 
parisons it was not considered as having 
been excessively influenced by an indirect 
light source of such low intensity. Air cir- 
culation was maintained in the apparatus 
by a small electric fan sucking gently 
against the screen floor of the central 
chamber. 

Since the olfactometer used possessed 
eight arms, each series of chemicals (é.g., 
, were tested in 
with a 

First, 


alcohols, acids, and esters 
seven in comparison 


the plain 


groups of 


check of 


f mulsarome - 


Table 6.—Results of comparisons of esters of 
hydroxy, dibasic and aromatic acids in the olfac- 
tometer. 





AVERAGH Per- 
CATCH CENTAGE 
Num PER Ratio 
BEI Repu ro 
MATERIAL CAUGHT CATION ( HECK 
Esters or Hyproxy 
Disasic AND Al 
MATIC AcIDs 
Methyl oxalate | | 26.7 
Methyl lactate ) > 133.5 
Methyl malonate o 6 160.0 
Methyl benzoate 6 6 160.0 
Methyl a-toluate 9 9 20000 
Methyl cinnamate 2 2 53.3 
Ethyl oxalate 6 6 160.0 
Ethyl lactate 0 ) 
Ethyl malonate 7 r O86 .7 
Ethyl succinate 0 a 
Ethyl tartrate 2 2 53.3 
Ethyl citrate ? ) 53.3 
Ethyl benzoate it 0 
Ethyl a-toluate t t 106.7 
Phenyl! ethyl pheny! 
acetate l | 2.7 
Pheny! ethyl phen vl 
cinnamate | | 20.7 
Ethyl cinnamate 0 0 
n-Propyl oxalate a a 
n-Propyl lactate 4 ) 3.5 
Isopropy! oxalate 0 | 20.7 
Isopropyl lactate | | 26.7 
Isopropyl! benzoate | | 26.7 
n-Butyl oxalate 0 0 
n-Butyl lactate 2 2 33.5 
Isobutyl lactate 0 0 
n-butyl di-malate } r 133.3 
n-Butyl tartrate 0 0 
n-Butyl citrate 0 0 
n-Butyl benzoate 0) TD 
Isobutyl benzoate 0 0 
n-Butyl a-toluate ; ; s0.0 
Isobutyl a-toluate 2 ? 3.3 
lsoamy! oxalate 0 ) 
Isoamy! tartrate 0 0 
Isoamyl benzoate 0 0 
Benzyl cinnamate | 26.7 
Check 15 $75 100.0 
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seven alcohols from methyl to amyl were 
tested, then a series of seven acids, then a 
series of those alcohols and acids proving 
most attract ive in the tests of the first two 
series. Of the simple alcohols and acids, 
each material found attractive on first 
test was given two additional tests, making 
three in all. In the case of the esters which 
showed a much higher degree of attrac- 
tiveness, only one test was made. 

Only moths which had emerged during 
the preceding twenty-four hours were 
used. These were not chilled or anesthe- 
tized before use but were allowed to enter 
the central compartment of the olfactom- 
eter by placing the container in which 
they had emerged on the floor of same 
before each test. Between 12 and 25 moths 
were used for each replication but because 
the number of active moths varied with 
each replication this was taken into con- 
sideration in the evaluation of results by 
comparison of average catch per replica- 
tion and percentage ratio to the checks, 
tables 3 to 6. In the sixteen consecutive 
tests covering comparisons of eight alco- 
hols, fourteen acids and sixty-one esters 
234 moths were used. Of this number, 167 
entered the eight arms of 
the olfactometer and this figure constitut- 
ed the total catch used in the computa- 
tion of results. 

It is realized that such a 
somewhat arbitrary, but since the purpose 
of the olfactometer trials was merely to 
furnish a preliminary basis through com- 
parisons of ratios for selection of the most 
attractive materials for further test in 
comparison with cane sirup bait in the 
field, it Is considered permissible. In inter- 
preting the significance of the percentage 
ratios to the Emulsarome check the 
authors do not completely agree with the 
precedent of Laake et al. (1931) as used 
for determining repellency but have re- 
garded between 50 and 100 as 
possibly being slightly attractive since the 
check itself almost invariably caught a 
few moths. In the field where cane sirup 
bait is used as the basis for computing per- 
centage ratios all those above zero are 


some one ot 


method is 


ratios 


regarded as attractive because of the high 
degree of attractiveness of the control. 

As can be seen by an examination of 
tables 3 and 4, n-propyl alcohol and iso- 
propyl alcohol proved most attractive of 
the compounds related to ethyl alcohol, 
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and of the acids related to acetic acid, 
propionic acid gave the highest indication 
of attractiveness. Succinic acid rated 
highest in attractiveness of the dibasic- 
hydroxy group and a-toluic (phenylacetic) 
acid of the aromatic group. 

Table 5 illustrates the comparison of 
attractiveness of esters of aliphatic acids. 
It is seen that the methyl esters exhibited 
the most consistent degree of attractive- 
ness when the alcohol radical is consid- 
ered, and the esters of propionic acid 
were most attractive when the acid radi- 
cal is considered. In illustration, the per- 
centage ratio to check of the more attrac- 
tive propionates are cited: methyl 
propionate 293, ethyl propionate 160, 
propyl! propionate 80, isobutyl propionate 
53, and isoamyl propionate 26.7. Indica- 
tion of superiority in attractiveness is 
further observed when the four-carbon 
atom series of butyl alcohol and butyric 
acid with their respective complements 
are considered, e.g., 373 for methyl n- 
butyrate, of 133 for ethyl butyrate, and of 
the relatively high ratings of isobutyl ace- 
tate, propionate and valerate as compared 
with the law-rating members of the series. 
The results obtained with the higher 
carbon-number esters were less consistent. 

From table 6, it may be observed that 
many of the methyl esters of the hydroxy, 
dibasic and aromatic types were attrac- 
tive. Furthermore, by examination of the 
percentage ratios it will be seen that the 
methyl series showed a progression in 
degree of attractiveness from the ester of 
lactic acid (133) through malonic (160), 
and benzoic (160), to a-toluic (240), the 
phenyl substitution type being superior. 
Although many of the esters of the four 
alcohols immediately above methyl in the 
homologous series were only slightly or 
not at all attractive, a few attracted suf- 
ficiently well to warrant mention. Some of 
these were esters of those acids which 
indicated the highest degrees of attrac- 
tiveness in the methyl series, i.e., ethyl 
malonate, ethyl a-toluate, n-propyl lac- 
tate, n-butyl lactate, n-butyl a-toluate 
and iso-butyl a-toluate. In addition ethyl 
oxalate and n-butyl dl-malate were at- 
tractive. The attractiveness of the esters 
of malonic, malic, and valeric acids is of 
interest and perhaps significance, since 
the parent acids or their salts occur in 
apple and pear. 








935 


Fieldcomparisonsof some of the more at- 
tractive chemicals of the above series were 
conducted in the State College orchard 
during the flight period of the spring gen- 
eration of the same year (table 7). The 
catches are expressed as moths per trap 
per day, per cent of total catch of the ex- 
periment, and percentage ratio to cane 
sirup check, but all catches from mate- 
rials averaging less than one moth per day 
are omitted from the table. By observa- 
tion of the percentage ratio of each 
chemical to the standard sirup bait it may 
be seen that as in the olfactometer tests, 
the acids and esters were more attractive 
than the aleohols. Of the acids, a-toluic, 
butyric, and acetic were the most attrac- 
tive, in the order named and closely ap- 
proached or exceeded the check of cane 
sirup. Of the ethyl series of esters ethyl 
a-toluate proved the most attractive in 
the comparison. 

Table 8 presents the results of a second 
field comparison, using some of the more 


Table 7. Field comparison of emulsions of 
chemicals as attractants for codling moth during 
flight period of the overwintering generation, 
April-May, 1937. . 
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AVERAGE Per 
PER CENTAGE 
Prat Pes Ratio 
PEI CENT I SIRE 
MIATERIAI Day Tora CHECK 
ALCOHOLS 
Ethyl | 2 38 ; 
Propy! | 2.38 es 
n-Butyl | > SS 
( apry! 2 4.75 66.7 
\cIDs 
Form l > SS 4 
Acetic 2? 6 6.18 Sh 7 
Propiot i 2 $1.75 O6 
Butvric } 9 50 133.3 
Lacti« 2 8.73 OO 
Malonic« 2.5 >. 94 83.3 
C itrn 4 4.75 66 
Benzoi 1.75 i) 
a-Toluic 7 16.68 233.3 
ESTERS 
Ethvl propionate | 2 38 3 3 
Ethyl butyrate | 2.38 3.3 
Ethv! lactate | 2 SS 33.5 
Ethyl succinate | 2.558 ae, 
Ethyl tartrate 2.38 3.5 
Ethyl phenylacetate } 7.13 100.0 
n Propy! acetate l 2.538 Ss es 
(HECK 
(ane sirup } 7 ; 100.0 
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attractive acids already mentioned as 
having been tested in the olfactometer 
and in emulsion in the field. In this experi- 
ment, however, the acids were added in | 
per cent concentration by weight or vol- 
ume to standard cane sirup bait and 
exposed in quart fruit jars in the College 
orchard during the same period as indi- 
cated for table 7. Each material was 
replicated four times in randomized series 
and the data were analyzed for variance, 
using the ratio of the difference to the 
standard error of the same, as suggested 
by Goulden (1929), for determining the 
significance. Although the solubility of 
these acids in water varied all except 
benzoic acid are moderately soluble and it 
could be expected that them 
would enter into the fermentation process 
and possibly, to some extent. influence 
the formation of dissimilation products. 

It is that the 
data when analyzed by this method sug- 
gests relationships between the compara- 
tive attractiveness of the baits and their 
chemical similarities. Although benzoie 
and citric acids were the only two acids of 
this series which showed significant supe- 
riority, it is seen that with respect to rela- 
tive attractiveness the six-carbon and 
aromatic acids are in an upper bracket, 
the four-carbon hydroxy acids occupy a 
mid position, while the straight chain and 
simple dibasic acid types are lowest in the 
series. This same general relationship can 
re-examination of 


most of 


interesting to obse rve 


also be observed by 
tables 3 to 6. 

In 1938 olfactometer 
ducted with a series of substitution aleo- 
hols similar to acetyl methyl carbinol. 
late spring frosts 


tests were con- 


Qwing to a series of 


Table 8.—Average catch and elimination level 
for four replications of cane sirup and attractive 
chemicals, April-May, 1937. 








Ca ~ an K 
4 I) rE Y 
Ba STA I STANDAR 
STANDARD Ca al 1) I> ERro I 
sirup Pies hnk Dirrere 
I. Sodium | t 
Citrie acid } " ’ 
Benzo s ’ st 
t. Bakers Y I ’ +. S85 
Partaric a | s ' +. 584 
6. Sirup alone lo fo ‘ +4 , <0 
7. Malic acid 14 ' ’ Ht 1 
8. Malonic acid iw 65 , +4 6. 6860 
0. Oxaln ! { 41 a) ab 7.05585 
10. But 1 ; oo ) ~ 4 ” 
2. equivalent t i f2 
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which killed the 1938 apple crop, sufficient 
moths were not available for further tests 
until 1939. The same materials were then 
compared in the field cage and in the field. 
The results are presented in table 9. 
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of the gases which represent the end prod- 
ucts of most of the several lines of carbo- 
hydrate fermentation,  e.g., carbon 
dioxide, hydrogen, and oxygen. These 
were generated in Starkey microgenera- 


Table 9.—Comparisons of acetyl carbinol with related alcohols, 1938-1939. 





Fietp CaGe Frevp (in sirup 


MATERIA! OLFACTOMETER 
Average 
Catch per Per Cent 
Repli Ratio 
cation to Check 
Acety! methyl carbinol a 180 
[sobutyvl methyl carbinol 2.4 240) 
Pheny! methyl carbinol 2 6 260 
Phenv! ethyl carbinol 2.2 220) 
sirup ¢ heck 1.0" ow 


(Average 


Per Cent 


Average Catch per Day Catch Ratio 
per Trap to Sirup 

Emulsion Sirup per Day Check 
2.4 0.6 0.9 128.6 
2.2 1.5 0.9 128.6 
2.5 0.4 1.2 171.4 
2.9 1.8 2.0 285.7 
0.0 0.4 0.7 100.0 





°f 


It will be noticed that these more complex 

alcohols show a higher degree of attrac- 

tiveness than the simple alcohols used in 

earlier experiments and that those con- 

taining a phenyl radical are usually 

superior, especially phenyl ethyl carbinol 
phenyl propyl aleohol). 

Also in 1938, some of the simple r alde 
hvdes and ketones related to acetic acid 
and ethyl alcohol were tested in the olfac- 
tometer and inthe field cage. The olfactom 
eter tests were due 
apparently to the high volatility of the 
aldehydes. However, it was found that by 
emulsifying all materials in the gum 
tragacanth-glycerine Emulsarome 
placing the aldehydes in vials with plaster 
of Paris idea could be 
gained of their relative attractiveness. One 


not consistent 


and 
stoppers some 


per cent concentrations of each of the test 
chemicals were placed in vials which were 
floated in quart jars of water and these 
were suspended in the field cage. The 
checks consisted of two jars each of an 
equivalent quantity of the Emulsarome 
and of the standard sirup bait. The results 
are presented in table 10. Of the aldehy- 
des, propionaldehyde appeared to be most 
attractive, while with the ketones there 
appeared to be little difference in attrac 
tiveness. The similarity in attractiveness 
of the compounds of this series, many of 
which have identical acyl radicals, tends 
to support the conclusion of Speyer (1920 
that the molecular group, CH CH & Is 
the important chemotropic stimulus. 

A few comparisons have also been made 


Table 10.—Comparisons of acetic acid and 
some related aldehydes and ketones in the field 
cage, April-May, 1939. 





AVERAGI Per Per Cent 
Catcu CENT Ratio To 
PER OF E-mulsarome 
Marertial Day Torat (CHECK 

Acetic acid » 7.4 200 
Propionic acid | he 100 
Acetaldehyde 2 7.4 200 
Propionaldehyde t 14.8 400 
Valeraldehyde 2 7a 200 
Acetone 3 fe. 300 
Methylethy] ketone i 11.1 500 
Diethyl ketone 2 7.4 200 
E-mulsarome check 3.7 100 
Cane sirup check 7 25.9 700 





tors and bubbled through water placed in 
the mason jar type bait containers. None 
of these were found to stimulate response 
in the olfactometer, but in field cage tests 
hydrogen and carbon dioxide both con- 
sistently attracted more moths than oxy- 
gen or the water checks (table 11). The 
correlation between moth catch and gas 
production in sirup baits has been men- 
tioned in an earlier publication (1931). 


Table 11.—Field cage comparison of gases, 
1939. 





Aver Per Cent 
AGI Per Ratio to 
PER ( WATER 
Trat ‘OTAI CHECK 
(xvger from sodium peroxide 0 0 0.0 
Oxygen (from hydrogen peroxide 71 19 200.9 
lrogen (from Zn +HC! 1.07 28.8 105.7 
bon dioxide (from CaCO;+H€]) 1.57 +2 $48.6 
Water 35 9.8 100.0 
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The fact that hydrogen and carbon diox- 
ide show indication of being’ mild 
attractants is of interest because it sug- 
gests that these gases may be more than 
neutral carriers for the aromas of volatile 
acids, alcohols and esters also produced in 
carbohydrate fermentation. 
SumMary.—Cane sirup bait 
Rabbit sirup 1 part by volume to 9 parts of 
water) fermented by species of Aerobacter 
and Aerobacillus has been found to be 
more attractive to the codling moth in 
New Mexico than the same bait allowed 
to ferment through contamination by the 
yeast, mold, and bacterial flora of the air. 
Analyses of this bait fermented by these 
bacteria revealed that ethyl alcohol, acet- 
ic and lactic acids and acetyl methyl 
carbinol are the most prevalent of the 
compounds in these respective classes dur- 
ing the first ten days of fermentation. A 
review of the literature relating to the 
chemical products elaborated by these 
bacteria in the fermentation of sucrose, 
glucose and_ fructose that 
homologous series of alcohols, acids, and 
esters related to the abovementioned be 
exhaustively compared in a number of dif- 
ferent ways. A design of olfactometer 
somewhat similar to that used by earlier 
investigators in determining the response 
of the codling moth to lights 


1.e., Brer 


suggested 


colored 
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ENTOMOLOGY Vol. 33, No. 6 
proved useful in making preliminary com- 
parison of these organic chemicals in the 
laboratory. Also a mixture of tragacanth, 
glycerine and water was found instru- 
mental as a medium for the emulsification 
of these chemicals for comparison. In tests 
in the olfactometer more of the hydroxy, 
dibasic, and aromatic acids proved at- 
tractive than the aliphatic acids and 
simple alcohols. Of the simple alcohols 
and acids, the three carbon groups (pro- 
py! or propiony]) proved consistently 
attractive. Of the esters of the same. the 
methyl series exhibited the most consist- 
ent degree of attractiveness when the 
alcohol radicle is and the 
propionyl series when the acid radicle is 
considered. Of the hydroxy and dibasic 
acid esters, those of malonic, malic, lactic, 
and oxalie were attractive. Of the more 
complex alcohols and esters those possess- 
ing a phenyl radicle were consistently 
attractive both in olfactometer and field 
comparisons. Since a wide variety of al- 


considered, 


cohols, acids, esters, and gases, related to 
those elaborated by heterofermentative 
bacteria in the fermentation of sirup bait 
were found to be attractive, it is con- 
cluded that no one chemical is to be con- 
sidered the most important or key factor 
in the chemotropic response of the codling 


moth. 
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Insecticidal Properties of the Fruit 
of Phellodendron spp. 


The Amur cork or velvet tree, Phellodendron spp 
isa native of the Amur River basin in Amurland, the 
adjoining coast of the Japanese Sea, and the southern 
extremity of Sakhalin Island. It was introduced into 
this country about 1856 and specimen trees may be 
found in the Library of Congress Grounds, Washing 
ton, D. C.; the Arnold Arboretum, Boston, Mas 
sachusetts and the Plant Introduction Garden, 
Bell, Marvland The dioecious 
May and June and the fruit ripens in September 
and October. The fruit, when crushed, has a pro 
nounced aromatic odor, described in some textbooks 


flowers appear in 


on botany as “turpentiny 

The habits of the tree indicate that it has possi 
bilities as a plant for soil-erosion control, but com 
mercial uses for the fruit remain undeveloped. At the 
suggestion of S B Detwiler, Soil Conservation Serv 
ice. | ~. Department of Agriculture, a chemical 
study of the fruit was undertaken by E. K. Nelson, 
Bureau of Agricultural Chemistry and Engineering 
Nelson has found! that the volatile oil of the fruit 
consists principally of the aliphatic terpene myrcene, 
together with 
ketone, methyl n hept yl ketone, and veraniol The 
residue remaining after 
submitted to this Bureau for insecticidal tests. Pre 


a small amount of methyl n nony!l 


the removal of the oil was 


liminary tests of the residue showed considerable 
toxicity against mosquito larvae, the housefly, and 
codling moth larvae (apple-plug method Against 


mosquito larvae the extract was more toxic than a 
derris stand ird contaming 5.2 pel cent of rotenone 
Tests against the housefly showed the material to 
as the derris standard \ 
spray test indicated that the material possessed a 


he about as toxic single 


low toxicity to southern armyworm larvae, but this 
The material 
rethrum and 


also applied to derris and pyrethrum 


is a fast acting poison much like py 
micotine 

The results of sufficiently 
encouraging to warrant a further investigation of the 


fruit 


these tests have been 


Studies are now under way with fruit furnished 


by the Soil Conservation Service which have for 
their objec t the isolation of the insecticidal prine iple 
or principles in a pure form.* 


6-15-40 


H. L. Hauuer, Bureau of Entomology and Plant 
(Juarant ne Washington, D ( 

E. K. Nelson. Jour. Am. Che ~ 60: 920 38 

The studies here reported were’ part pated in | I RK 
McG n, FE. H. Siegler, M.S. Schechter and W. N. Su ' 


The European Pine Shoot Moth in 
British Columbia 


lhe main purpose of this paper is to list the 


varie 
ties of pines most susceptible to infestation by the 
European pine shoot moth, to present a record of 
insect parasites reared from collec ted material and to 


show the value ol cooperative effort in dealing with 
the problem of eradication of this pest 

The Muropean pine shoot moth was first re ported 
in British ¢ olumbia by Mr. W. Downes of the Divi 


sion of Entomology, scrence Service, \ ictoria, B ( 


In 1927, it was found infesting Pinu yl and 
Fr , j i nanain one of the nurseries at Victoria 
\bout this same time this insect was alse ntercepted 
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NOTES 


by the Dominion Plant Inspection Service on a ship- 
ment of P. mughus imported from Europe by a local 
nurseryman in Vancouver. 

The control measures then adopted were rather 
drastic inasmuch as the pines were completely de- 
stroyed and it was not until June, 1938, that the 
European pine shoot moth was again reported in 
the City of Vancouver. Inasmuch as this insect is a 
serious enemy of pine, steps were immediately taken 
by the Division of Entomology and the Plant Pro- 
tection Division at Vancouver to determine the distri- 
bution of the insect. A preliminary survey showed 
that the infestation had been in progress for at least 
three years. As the moths were already commencing 
to emerge at that time it was considered too late to 
organize and carry out satisfactory control measures. 
Plans were made, however, for a cooperative project 
to be undertaken. Scouting was commenced in the 
latter part of March of the following year (1939), a 
second survey being made later in the spring. In 
the first survey trees showing previous years’ injury 
and in the second survey, trees showing bud injury 
to the present season's growth were located. In all, 
232 pines of which 170 were lodgepoles, Pinus con- 
torta, were mapped out in the infested area, and 113 
pines charted in the adjoining area. In the eradica- 
tion work, the property owners in the infested area 
were visited and the need for drastic action explained 
to them. In practically every instance the fullest 
received—even to the actual re- 
moval of trees. The Provincial Forest Service co- 
operated by supplying a truck and two men. 

In all, eighty-four lodgepole and four mughus 
pines were removed and destroyed by fire. A few 
valuable mughus found infested were clipped and 
these, together with all remaining pines in the in- 
fested area, were sprayed. The material used was 
a combination spray of eighteen pounds of arsenate 
of lead, five pounds of nicotine sulphate, with two 
and a half pounds of an emulsified herring oil as a 
spreader, to two hundred and forty gallons of water. 
July 11 when observation 
disclosed eggs were beginning to hatch. A maximum 
temperature of 68 degrees F. was recorded on the 
day spray was applied. Vancouver Park officials 
cooperated by applying the spray 

The re-survey of the area this spring showed that 
this infestation had apparently been cleaned up. 

Native Parastres.— Material reared in 
showed over twenty per cent parasitism. Each of the 


cooperation was 


Sprays were applied 


cages 


flour species recovered were represented as follows 


Callik } hialtes comstockii (Cress 22 specimens 

Ephialtes obesus (Cush $ specimens 

| phialte X conquisitor say + specimens 

Ephialtes evetriae (Vier 1 specimen 
Ihe identifications were made by Mr. G. Stuart 


Walley of the Systematic Division of Entomology, 
Department of Agriculture, Ottawa, 
that none of the species submitted is new and some 
are known to attack caterpillars which feed in the 
7-15-40 


W“ ho adv ses 


terminal growth and cones of conifers 


W (y MaAatTut Ks, Division of Entomology, SCIENCE 
Nervice, and H. F. Ops, Plant Protection Division, 
Production SETVIUCE Don mion De partment of igri- 

dlture, ] ancourer, B ( 

( tribution N l 1) stor Plant Protection, Production 
> Dominion Department of Agriculture, Ottaw Canada 
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Three Additional Species of Aphids 
Transmitting Narcissus Mosaic 


In an earlier note by Blanton & Haasis(1939 
four species of aphids are reported to be vectors of 
the virus causing narcissus mosaic, namely, Aphis 
rumicis L a Macrosiphum solan ifolii Ashm. ° Macro- 
stphum rosae (L.), and Myzus conrolvuli (Kalt.). 
Subsequent tests show that three additional aphid 
species are able to transmit the same virus, namely, 
Anuraphis roseus Baker, Myzus cerasi (F.), and 
Macrosiphum pisi Kalt.). 

The test plants used in the experiment here re- 
ported were of the variety Sir Watkin, grown in 
field plots containing both mosaic-diseased and 
healthy plants in the approximate ratio of one 
mosaic to four healthy. Methods of caging the 
plants and of manipulating the insects during trans- 
fer are described by Blanton (1939) and Blanton & 
Haasis.' Aphid identifications were made by P. W. 
Mason, of the Bureau of Entomology and Plant 
Quarartine. Continuing the practice established 
when these investigations were initiated, type speci- 
mens from vector colonies are preserved in the 
United States National Museum in Washington, 
D. ¢ under the following accession numbers 
Anuraphis roseus Baker T.C. 6653, Myzus cerasi 
F T.C. 6652, and Macrosiphum pist Kalt 
T.C. 6648 

Although these three species of aphids will feed 
on narcissus plants when migrating from the natural 
host, they cannot survive and establish colonies 
when confined to healthy growing plants, for nar- 
cissus Is rather toxic to aphids This would suggest 
that only a short feeding period is necessary for 
transmitting the virus 

The proportion of healthy plants to which these 
aphids transmitted the virus is shown in table 1, 


Table 1.—Virus transmission from mosaic to 
healthy Sir Watkin narcissi by aphids. 





Heavtuy PLants 





Date EXPOSED TO PLANTS 
” INOCULATION Ix 
Ins = I ANS AND SURVI Pre ED 
Rea FER v 1940 No 
Arnip ™ ~ ON 1939° Nomopert ne 
{nuraphis r 
Bake ul J I 18 ! 
Myzus cer I J t I 
V across ph 
Kalt J 4 
Control 
no aphids wn 4 
°s pt the disease appe following ’ fw 
culatior 
t Some of the bulbs rotted during the terval of 1939 to 19460 


These results compare favorably with those regard- 
ing the other four aphid vectors (Blanton & Haasis 
1989 

Four accidental transmissions occurred among a 
total of 106 control plants that were unexposed to 
inoculation. Error of this magnitude has been en- 
countered before when tests were performed with 
plants growing in caged field plots. A probable ex- 
planation is presented by Blanton & Haasis. 

Only two of the vectors reported in this note have 
been definitely recorded from narcissus. During the 
season of 1939 fnuraphis roseus occurred sparingly 
in a small narcissus planting which was bordered on 


t Insect transmission of the virus causing narcissus mosaic. In 


manuscript 
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one side by apple trees. Macrosiphum pisi, on the 
other hand, was rather common in the same plant- 
ing and was found to be breeding in large numbers 
on isolated vetch plants growing in and about the 
narcissus field. Thus the activities of these aphids 
lend supporting evidence to the theory that as vee- 
tors of the virus causing narcissus mosaic they are 
but casual visitors , 

To the present time vectors of the narcissus- 
mosaic virus are represented by seven aphid species 
belonging to four genera.—7-8-40 

F. S. Buanton, U.S. Department of Agriculture, 
Bureau of Entomology and Plant Quarantine and 
F. A. Haasts, Cornell University, [tha a, N.Y 
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A Portable Dusting Tent 


The problem of dust drift in the field is one which 
the experimenter with small plots has always to 
consider. When large fields are available the effect 
of dust drift can be considerably reduced by buffer 
plots. When the plots have to be restricted as much 
as possible in order to test a large number of treat- 
ments in a small area, the problem becomes intensi- 
fied. The writer has been able to reduce drift to a 
minimum in 20-plant plots of staked tomatoes by 
the use of a set of four portable tents, each of which 
covered five plant sat one time 





Detail of construction of tent frame. 


Fic. l. 
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The tent used can best be described as resembling 
a covered wagon top. It was 10} feet long, 24 feet 
wide, and 5! feet high. The height was determined 
by the length of the tomato stakes. The tent frame 
consisted of two U-shaped pieces of three-eighth 
inch galvanized iron pipe (Fig. 7 
into shape over a barrel. The bows were made to 
stand upright by thrusting the legs through snugly 


which were bent 


fitting holes bored through wooden blocks 4 inches 
high which were nailed to the ends of two 1 inch by 8 
inches by 11 foot boards. The sharpened ends of the 
iron legs projec ted } inches beyond the wooden part 
of the frame so that they could be thrust into the 
ground 

When spre id flat, the tent was 10 bv 12 feet 
Wide hems were made along the 12-fo« One 


end of the tent was ¢ losed by sewing a piece of « loth, 


rt side ~ 


the shape ar d dimensions of the metal frame, to the 
edges of the hems. Also, a skirt a foot wide should 
he sewed to the bottom of the closed end and the 
two sides in order to prevent the escape of dust 
from beneath the frame. The open end of the tent 
was closed by a drop curtain fastened at the top of 


the are h by three snaps The tent was assembled by 





Tent frame folded for storage 
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thrusting the legs of the frame through the hems 
and then through the holes in the boards. When 
the tent is ready to store the frames can be folded 
flat, as shown in figure 2. 

The tent itself should be made of some light- 
weight, dust-tight material. We used heavy muslin, 
but there was some leakage unless the cloth was wet 
with dew 

\fter the tent was set over the plants, operation 
of the hand duster was begun when the operator 


was 3 or 4 feet in front of the tent and was con- 





Tent in place over tomato plants with end 
open for dusting plants within. 


Fic. 3. 


tinued as he walked forward directing the dust over 
the top of the plants and then along each side of the 
row. When dusting was completed, the curtain was 
dropped. The dust usually had settled by the time 
the three other tents had been reset. 

Two men were needed to move a tent. One stood 
at each end, grasped the ground edges of the hems 
around the pipe frames, and shoved the two tent 
sides upward so that the cloth lay bunched on the 
arches. By pulling the lower edge of the closed end 
of the tent over the bunched cloth on the arch, the 
tent was held on the arches out of the vision of the 
men carrying the tent. 

Four tents will keep three men very busy; 
men are needed to carry the tents while the third 
aids in locating plots, and applies and changes dusts. 
Operations run more smoothly with a fourth man to 
locate plots and help with the dusting. The amount 
of time required to complete a set of treatments will 
depend upon the situation. In 1988, after acquiring 
some experience, three men applied 11 dust treat- 
ments, each replicated five times, in 4} hours. 
The work was done during the daytime. In 1939, 14 
dusts, each replicated six times, were applied during 
twilight and darkness. The shortest time with this 
setup was about 7} hours with four men. Hunting 
plots in the dark and handling wet tents reduced the 
speed of operation, but by dusting in the night, dust 
drift was reduced still further. 

Dust will cling to the tent-cloth to a certain de- 
gree. Much of this can be removed by whipping the 
tents when the dusts are changed. The mixing of 
different materials is then negligible. 

Possibly the biggest objection to the use of the 
tent in experimental work is that the coverage of 
dust obtained with it may be superior to that ob- 
tained under ordinary dusting conditions.—7-9-40. 

Cuas. H. Martin, Ohio Agricultural Experiment 
Station, W ooste r, Ohio 


two 
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Establishment of the Codling Moth 
on Stone Fruits in California 

In the extensive literature on the codling moth 

many investigators have reported apparently origi- 

nal observations on the infestation of stone fruits by 

The fruits have been peaches, plums, 

With two excep- 


this insect 
nectarines, apricots, and cherries 
tions such infestations were caused, presumably, by 
moths from nearby apple and pear trees. As far as 
determined by the present study there are but two 
records of the codling moth maintaining itself on 
stone fruits independently of its preferred hosts 
Pettey reported studies in 1925 and 1926 at Welling- 
ton, South Africa, which showed that the moth had 
been maintaining its existence in apricot orchards a 
half mile or more distant from its usual hosts and 
had been causing serious loss in many orchards to 
apricots and Kelsey and Wickson plums. It appeared 
that a one-generation strain had developed In some 
apricot orchards where no treatment was applied 20 
per cent of the crop was infested. Regular treatment 
for the pest was made for a number of years but 
recent corresponden¢ e has indicated that the de- 
structiveness of the pest has declined. In 1929 the 
writer (Smith, 1929) reported studies in southern 
California which indicated that the codling moth was 
maintaining itself on plums and apricots independ 
ently of the usual hosts, namely, apples, pears and 
English walnuts 
Kelsey plum orchards in the vicinity of Pomona, 
California. This condition was first noted in 1926 
At that time less than one per cent of the plums were 
1927 1928 at Riverside, 
Pomona, the moth was 
and 
In the most 


lhe principal infestations were in 


infested. In and about 
twenty five miles east of 
found to be maintaining itself on apricots 
pend hes independently of other hosts 
heavily infested orchards three per cent of the fruit 
was attacked 

In the past ten years the pest has become increas- 
ingly destructive in commercial plum orchards in the 
Pomona district. Before spraying was undertaken 


the annual loss ' 


n some orchards amounted to 20 
with lead arsenate 


per cent of the crop 
was first undertaken in 1933 
usual program of control provided for the applica- 
tion of basic lead arsenate spray about the middle of 


Spraying 
For several years the 


May when the plums were about one-half inch in 
diameter. In one orchard under observation where 
no control was practiced, the annual loss amounted 
to about 50 per cent of the crop. In 1938 a loss of 25 
per cent was experienced in a sprayed orchard This 
heavy loss was attributed to a prolonged hatch of 
worms. During the past two vears two applications 
of spray have been made. The first application is 
made the middle of May and the second is made 
three to five weeks later. The spray is basi lead 
arsenate four pounds to one hundred gallons of water 
and sufficient spreader to produce a good film cover 
age on the plums The earlier studies indicated that 
only one generation would be able to develop on a 
given variety of plum. However, in 1934 two broods 
of worms developed on Kelsey plums. The first ma- 
tured in the green plums and emerged in June. The 
when the crop 
Some of the earlier 


second brood maturing was 
picked the first half of August 
records of the codling moth on 
mentioned by the writer in 1929 in the paper cited 
below. The literature of the last fifteen years indi- 
cates that the infestation of plums and apricots 1s 
more prevalent in subtropical and warmer temperate 


was 


stone fruits were 


regions than in cooler temperate regions. This fact 
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appears to be significant to the establishment of the 
insect on these fruits in South Africa and southern 
California.—7-18-40. 

Raven H. Svairu, University of Califi 
Ange les. 


rnia alt Los 
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Mosquito Collections at Brownsville, 


Texas 
In November, 1939, the mobile Aed aegy pti 
Control Unit of the U. Ss. Public Health Service 
moved from Charleston, South Carolina (Fisk & 


to Brownsville, Texas, where it re- 
mained until June, 1940. In with the 
routine control ities of the unit, 
mosquito collections during the period of Nov 29), 
1939 to May 1, 1940, were made 

Four electrically -operated New Jersey type, model 


Le Van, 1940 
connection 


mosquito actiy 


50, light traps were used during the first four months 
of this period; during the month of April 1940 a fifth 
trap was added. One of the traps was located at the 
municipal airport, about five miles from town, while 
all the others were within the city limits of Browns- 
ville. The light trap at the airport and those in the 
outlying sections of town collected more mosquitoes, 
than did the cen- 
rhe traps were visited 


and 


particularly of the “wild species, 
trally located ones 
weekly In table 1 the 
mosquitoes collected are shown by half-month pe- 
riods. The rainfall, and the mean maximum and 
mean minimum temperatures for the same periods 


twice 


numbers species of 


are also yiven 
Reference to the table shows the definite relation- 


Kac h 


semi monthly period in whic h a measurable amount 


ship of mosquito abundance to the rainfall 


of rain fell was followed by a period in which a larger 
number of mosquitoes was collected. Particularly 
was this true of the period following the very heavy 
rains of late March, for in this half-month period 
one third of all the mosquitoes taken during the 
\ relation of abundance to tem 
perature is also apparent. The coldest 
curred during the last half of January, 
freezing temperatures were experienced on several 


survey was trapped 
weather oc- 
=~ } | 

when Dberow- 
with 


occasions, a mean minimum temperature of 


37.2 degrees F. Most species disappeared entirely 
from the collections during this period, and there 


decrease in numbers of 


was a great 
which were trapped. 

The mosquitoes collected during the five months 
December through 


those species 


of winter 
April 
First are the multibrooded 
species, which were fairly abundant when the traps 


and early spring 
may be roughly classified into three groups. 
non-winter breeding 
began operating in November. They decreased in 
abundance as the temperatures dropped, and dis- 
appeared entirely following the late January frosts. 


j 


The four species of {nopheli ; and Ur mnotaenia fowl 
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illustrate this group Theobaldia inornata might ap- 
pear to belong here since it was abundant in the 
traps at the start and had disappeared entirely by 
spring Actually, as pointed out by King ef al. (1939), 
it is a winter breeding species most common during 
the colder months in the latitude of Brownsville and 
hence does not fall into any of the three groups 
described here Phe second group consists of multi 
brooded species which are present throughout the 
abundant during the coldest 


; 


The domestic ( ule r quingue ra 1atuS and 


vear, though less 
months 
the “wild” ¢ idler tarsalis 
this group The third group « onsists of the single- or 


double 


are the chief examples of 


brooded temporary rain pool mosq ultoes that 
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The larvae of the other species, Culex chidesteri, 
occur in ground pools, according to Dyar (1928). 
lhe species may be poorly established at Browns- 
ville since only a single male was discovered in the 
trap collections. 

With the exception of the two species just men- 
tioned, and of Uranotaenia lowii, all the mosquito 
species found in the present survey have previously 
been taken in the state of Texas. Several of the 
species encountered are of interest in that their dis- 
tribution in the United States is restricted to south- 
ern Texas or the lower Rio Grande Valley These 
include Anopheles albimanus, Culex coronator, C. 


leclarator, and Aedes thelcter2 


Table 1.—Trap collections listed by half-months. 





Le-Montu Periops 





< ID ] ARY FeBRUARY Marcu (PRI ToraLs 
{ We 1 “ 0 0 0 0 0 12 
1.9 ~ | ) 1) 0 | 2 0 ; 2 5 
{ f | ‘ 4 0 0 0 0 0 0 12 
al WwW +4 1s 0 0 0 0 0 0 70 
( zr i¢ pp.* 4 s t ‘ tiz i) 7 Is4 S4 1195 
( uv spl ‘ , | 11 0 ) 0 81 
Th \“\ be ‘ M ) 0 0 0 116 
ted D&K 4 0 0 0 0 ) 0 7 
1th ) ) 0 0 0 0 167 59 226 
{ | . TT rT] l 4 2 7 l2 
{ | ) 0 0 0 0 0 l l 
{ W ’ ) 0 0 0 11 0 11 
D ‘ Da&kK } 0 l ; 7 52 ot 
/ | i ( ) 0 “ 0 20 a 29 
} D.&@kK ) rT) 0 0 0 320 l $22 
/ ( 0 0 0 0 0 17 0 17 
} F rT) 0 rT 0 s] \ 85 
| ( 0 rT) 0 0 l 4 5 
I" l 0 0 0 0 0 18 
| 420 se 60 i] 62 $29 14 2348 
Averages 
| i } 0.09 Oo. 2 0.0 ) 0.05 0.038 0.47 
M. ' . . 4 ’ +.8 77.4 79.3 84.0 73.5 
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( ( , (. restauns Theob 
( . ( ! rator D. and kK 
( r ( hidesterit Dyar 
( 1) ik t Culex (Melanoconion) spp 
( ‘ (. erraticus D. and k 
appear in vast numbers following the heaviest rains SUMMARY In connection with Aeé les aegypti con- 
of the vear. The five species of P »phora are all trol activities at Brownsville, Texas, mosquito col- 


members of this group Che eggs of these mosquitoes 
are laid on the moist soil of drying ditch bottoms and 
pond sites When the soil dries thev remain dormant 
for months or even vears, ready to hatch when sub 
merged. This group of mosquitoes was mainly re 
sponsible for the relatively large numbers of mos 
quitoes trapped in the half-month per od just follow 


rains of late March 
Beside s the mosq ulloes listed n table I, 


ny the heavy 
one add 
tional species, Ae ty riatu Sav), was found 
Adults were 
hole where they 
larvae of Aedes aller 


of mosquito species found by the authors at Browns 


reared from larvae collected in a tree 
were found associated with the 


This brings the total number 


ville to twenty-six. Of this group two species, both 


of them determined by Dr Alan Stone, are new 
records for the I nited States Neither of them has 
he retofore been found any closer to this country’ 


than the Canal Zone (Dvar, 1928), and it is possible 
} ht into this 
dD werite 
fiddler-crahbs, ind its 
ere (Fisk, Ms 


that one or both species have been broug 


countr by airplane. One of them, 


spanius, breeds in the holes of 
pecul ir habits ire described elsew! 
I e publishe the Ar Ent ‘ 5 
ol A « 


lections by means of light traps were made during 
the period from Nov. 29, 1939 to May 1, 1940. Alto- 
gether, twenty-six were encountered, of 
which two, Deinocerites spanius and ¢ ulex chidesteri, 
were new records for the United States.-7-29-40. 

Frank W. Fisk, Junior Entomologist and JAMES 
H. Le Van, Passed Assistant Sanitary Engineer, U.s 


Public Health Service 


species 
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A Seed-infesting Psocid New to 
North America 
On June 1, 1940) [ received from a San Francisco 
Bay seedsman a small glass vial filled with spinach 
seeds infested with a psoe id, which was said to be 
abundant in a shipment of spinach seed re 
ceived from Holland 
tents showed it to be swarming with a species which 
moved throughout the contents of the vial 
characteristic jerky motions. The psocid was differ- 
ent from any previously encountered species and 
specimens were forwarded to Dr. ¢ F. W. Muese- 
beck, im Division of Insect Identification, 
Bureau of Entomology and Plant Quarantine, and 
was identified as Lep notus patrue Pearman by 
Dr. A. B. Gurney. Dr. Muesebeck also very kindly 
ive references to Pearman s published articles de 


very 
An examination of the con 


with 


charge, 


scribing this and related species. From June 1 to the 
present writing July 15) the insect has continued to 
thrive 
dent that 
somew hat during this period 
idulterated with particles of leaves, 


in the vial of spinac h seed, although it is evi- 
the size of the population has dec reased 
The spina h seed is 
considerably 
stems, and other parts of the seed-bearing pl ints and 
the pso ids appear to be upon ill the varied 
the vial I ves are attac hed to the dried 


materials and all stages of de elopment of the insect 


feeding 


contents ol 


are observable 

from a jar containing dried willow leaves at 
England, January, 1930, ind subsequently described 
Pearman, 1931 
the only record of its occurrence outside of | urope 
The eggs are small, 0.4 mm 


almond shaped, transparent or whitish, with fine 


Pearman was originally taker 


Bristol, 


asa new species s| his appears to be 


very long, somewhat 


which are single rows 
ind marked ap il 
Phe basally and at 
and parti les of pl materials 


the aid of The 


white, the inter 


het ween 
with 


are 


longitudinal ridges 


a plainly 


flattened 


of minute pits, 
rupturing urea 
tac hed to the seeds int 


t a lens 


ind cannot be seen without 
transparentty 
mediate forms ish. and the 


sh-brown, dark brown, or fuscous 


first nstar vouny are 


idults ire vellow 


They all 


ire vray 


move 


vitl rapidity The adults are rather robust and 
somewhat flattened, smooth and shiny, hairy and 
brachypterous The winglets are pale, elongate 
rounded, widest hasally, extending to the 3d ab 


dominal seyment, and clothed “ th numerous st ff 


spines t he intennae 25- to 27 seymented with the 
Oth and 13th segments noticea ily shorter than con 


the rods or picks }-toothed ind the 


tiguous ones 
spermatheca with one or more oval and pointed 
ywn bodies of var ible sizes 
Pearmat 1931) and Peus (1933) account for five 
species in the venus Lepinotus as follows 
Le} t ] Heyden. Europe 
/ not not R haga i/ po South 


Pearman Europe, England, 
vy, North America (¢ 
] nderle | } urope 


| nited states 


Holland, German alifornia 
] ; netinedead 
North America 
Kolbe. Europe 
Hevden is the ind 


distributed in stored prod 


( ser 


Crermany 
Dest kr own 
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Chloropids Swarming in Houses 
lhe 


houses of tiny 


occurrence wm extraordu 


nulimboers in 
the 


Dipterous insects o family 


( hloropid ie has beer re rd dosomat times by 
European authors, especi | n (re ind Eng- 
land The vast swarms Nasse iuftreten or V[assen- 
vorkommen) are recorded as covering the ceilings 
ind windows, and at times making it impossible to 
use certain rooms. Hase (1929), recording the collec- 
tion of 385 to 40 liters of flies in one the outbreaks, 


calculated that there were 12 to 14 million individ- 


uals concerned, there ben bout 360 thes per cubic 
centimeter i] stimates in other instances have bee 
is high as 30 million individuals 

All records in the literature ire species of 
(/ r or Chl ind athout hall reter to the 
common Palaearct ( Species, ‘7 I notata 


Meiven Vie ‘ Because of con 
fusion in identifving specie nm these enera, many 
of the older records of other specic iv really be 
referable to ¢ not 

Such mass occurrences of these er si ill flies 
have not hitherto been recorded in the Americas 
It is of interest therefore to re ] ich an occur 
rence at a resort hote nm ¢ hart NI cl yan, in 
June, poo The writer vas sked to determine 
“insects found iround the ‘ rile , casings in our 
hotel here in Charlevoix. The ppear in great num- 
bers and occasionally come out ind fl iround 
They seem to be gettu se ever ear. though 
we cannot tind ims dat we the ! © ¢ rie The 
large number of specimens s 7 tted proved to be 
Chloropisea annulata (Walker) (= Loew 
uu species whi h s the closest t t e ot the | nropean 
('. notata. To the writer's knowledge, this is the first 


America of « 


is often observed in Europe 


recorded nstance i yvarming 


in houses as 


No conclusion has ever been re hed the reason 
for the sudden occurrence of sucl ist numbers of 
individuals. The most frequently advanced sugges- 
tion s that, like the cluster fl tive re seeking 
quarters for hibernation, simee t hee " ority of 
sWarms have been obser ed nthe ! of the year 
Swarming for the purpose of mati or oviposition 
has also been su vested, nd emergence en masse 
from their pupar may Is “ t possibility No 
damage other than considerable annovance has re- 
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sulted from these Swarts, whi h can be readily dis- 


posed of with pyrethrum fly sprays or dusts.—-7- 


31-40 
CurRTIS \W SARROSKY, Vichigan State College De 
partment of Entomology 
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Observations on the Biology of the 
Elm Leaf Beetle Parasite, Erynnia 
nitida R.-Desv. 


At inter als for the 
have been made to establish in the l nited States the 
tachinid Erynnia nitida R Desy The parasite, like 


its host Galerucella xan Schrank), is 


past twenty years attempts 


i 
t 


ye 
native of I urope 

kry a nitida was described from France in 1830 
by Robineau-Desvoidy, and is the type species of the 
venus According to Sils 1909 
ol Gra la larva 
Celi di Modena and parasilization of the adult by 
C. Rondani. The species Was figured and redescribed 
by Rondani 
hensive study of the elm leaf beetle and its parasites 
in Italy, Silvests Pood 
tions on the biology of F 

Early it 
arrangements w ith the | 
and Plant Quarantine for 
adults of the elm leaf beetle to be 


ired by H. L 


estri parasitization 


was first observed by Professor 


IS70 In connection with a compre 


made addit onal observa 


Professor Harry S. Smith made 


S. Bureau of Er 


1959, 
tomology 
a“ shipment of parasit zed 
sent to the Citrus 


t Station al 


Expert me 


Hvyeres, France. This shipment prep 
I 


Parker Mis received the first WeCCK I Na The 
adults of Ery emerged during the period from 
Mav 5 to 11, and cons sted of 28 males and 14 fe 
males Mating occurred on the second or th rd day 
after emergence and position began « the fifth 


day alter mating 
Wher the female 


, anointery 


is continually in the presence ol 


suitable host al of at least several minutes 


usually 5 to 15 minutes) occurs after the deposition 


Under field conditions this habit tends 


ol enc h euvg 


to prevent superparasitism for Erynnia is a solitary 
parasite Ihe host is most suitable for parasitization 
when it is a nearly full-fed larva. In searching for 


its host the parasite makes short flights from leaf to 
leaf. It o 


feed ng iat a“ 


posits immediately upon contacting a 


Its reproductive capac itv may ¢ xceed 
female dissected 


was found to contain about 140 


100) evys per One female twelve 


davs atter mating 


egys, in each of which was a fully-formed maggot 
tfecause of the fact that Erynnia nitida over 
winters in the adult elm leaf beetle, it has been 


assumed that the female oy posits on the idult as 


well as on the larval host. Such is not the case, how 


ever. Oy iposition occurs only on the larval host. The 


egg usually is placed on the suture between the 


sclerites and hatches immediately The maggot 


leaves the eyy and 


As it does so, the egg 


host's blood from the 


, 
} t almost simul- 


enters its hos 
taneously shell often becomes 
distended with the wound 
made by the maggot 

At room temperature the feeding period of the 


7 days The 


time required tor complete continuous development 


magyot within its larval host 
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and emergence as an adult is about 18 days, the 
female requiring 1 day more than the male. The 
development of Erynnia, however, may be discon- 
tinuous; that is, the first larval instar may undergo 
diapause while its host continues to develop and 
becomes adult. In the insectary the life cycle (egg 
to egg) of “non diapause’” Erynnia was about 24 
days, that of “‘diapause’” Erynnia from about 40 
days to 6 months or longer. The average life cycle 
of non-overwintering ““diapause” Erynnia was about 
50 days. Under natural conditions it is probable that 
overwintering Erynnia cannot complete its develop- 
ment until its host commences feeding in the spring. 

In 1939, four generations of Erynnia were reared 
on host material collected when needed in the field. 


With the possible exception of the first (spring) 
generation, most of the maggots of each brood 


undergo diapause and continue their development 
after the host has become adult. 

Second brood maggots that had entered the host 
larvae on June from the host adults 
during the period from July 19 to August 5. 

Third brood maggots that had entered the host 
larvae from August 1 to 7 went into a winter dia- 
pause, except for seven which emerged as adult 

4 males and 3 females) from host larvae during the 
period from August 18 to 24, and 5 males that 
emerged from host adults during the third week of 


17 emerged 


September 
Fourth brood maggots that had entered the host 

larvae from September | went into winter 

diapause. 
Some of 


to 3 


the adult hosts containing “diapause”’ 
maggots were capable of ov iposition. 

All of the overwintering adult beetles which had 
been attacked by Erynnia in the insectary were 
accidentally destroyed. One individual beetle that 
escaped parasitization lived until April. 

During the spring and summer of 1939, 31 mated 
females of Erynnia nitida liberated in the 
vicinity of Stockton, California. This region was se- 
lected for liberations of Erynnia because the infesta- 
tions of the elm leaf beetle were only a few years old 
and were free of the pupal parasite Tetrastichus 
brevistigma. The liberations of mated female Erynnia 
in 1989 were made as follows: 


were 


Liberation dates 


Liberation points Vay June 1l? Aug. 8 
Waterloo Road, 5 miles 

north of Stockton 65 
Highway 99, 3 miles 

south of Stockton 25 
Highway 99, 5 miles 

north of Stockton } 
Homer Norman place, 

Manteca 3 10¢ 4S 
Corner of Harding Way 

and West Lane, 

Stockton 22S 


The reproduction of Erynnia nitida under field 
conditions during 1939 remarkable. Six host 
larvae collected in the field 56 days after the first 
liberation yielded 1 male and 2 females of Erynnia 
on July 29. On September 2, Percy Wright, of San 
Joaquin County who had cooperated in making the 
liberations, stated that ““The parasites are undoubt- 
edly well established. On Highway 99, three miles 
south of Stockton they can be seen flying around 
the trees and some of them can be found caught in 


was 


the spider webs.” 
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In December, 1939, about 200 adults of the elm 
leaf beetle were collected at Manteca, California. 
Dissections of about 50 specimens indicated a para- 
sitism in the field of about 10 per cent. The other 
specimens were placed in a screen cage outdoors and 
protected from sun and rain. In February dissections 
revealed the fact that the percentage of parasitism 
in live individuals was decreasing. On the other 
hand, dissections of dead beetles revealed that many 
contained first instar larvae of Erynnia. The rate of 
mortality indicated that none of the parasitized 
beetles would survive the winter. This proved to be 
the case. 

About 30 beetles remained alive at the end of 
March. These were dissected and appeared to be 
free from parasites. 

\ high mortality may have occurred in the field; 
that is, a large number of the beetles containing the 
‘“diapause”’ larvae of Erynnia may have died before 
the parasite could complete its development. In 
June, 1940, several hundred larvae of the elm leaf 
heetle were collected in the field. Erynnia was not 
recovered from this material or observed in the field 

In December, 1940, hibernating beetles again were 
collected at Manteca. indicated that 
parasitism had increased to 20 per cent 

On the West Coast a native tachinid, Synaplomyta 
galerucellae (Villeneuve), occasionally attacks the 
elm leaf beetle. Apparently only the larval host is 
parasitized. Silvestri reared the type specimen, a 
male, from larvae collected in Oregon ( Villeneuve, 
1933). Several male adults were reared from larvae 
collected in the vicinity of Stockton in 1987. No 
females have been reared. The larvae of the native 
and of the introduced tachinid parasites of the elm 
leaf beetle are readily distinguished from one another 
by their morphological characters.—7-29-40 

> E Fy ANDERS, Unive rsily of ¢ difornia, Citrus 
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The Establishment in British Colum- 
bia of Parasites of the Holly Leaf 
Miner, Phytomyza ilicis Curtis 


In the mild, humid, British 
Columbia, the English holly, Ilex aquifolia, is ex- 


coastal region of 
tensively grown both as an ornamental tree and for 
commercial Every many tons of 
clippings, bright with red berries, are shipped away 


purposes year 
to other parts of Canada and to the United States 
for decorative use at Christmas time. Generally the 
leaves are disfigured by blotches which are the 
partly formed mines created by the larvae of the 
holly leaf miner, Phytomyza dicis Curtis. Many 
attempts have been made in the past to find a satis- 
factory control for this pest but with only partial 
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success. Several years ago the senior author de- 
veloped a method of dealing with the adult flies by 
means of 2 per cent nicotine-lime dust, but while 
this method was fairly if correctly 
carried out the necessity for exact timing detracted 
greatly from its usefulness. Penetrating oil sprays 
combined with nicotine have been found quite in- 
effective in experiments carried out at Victoria, 
B. C., against the larvae within the mines, due to 
the tough, impenetrable nature of the holly leaf, 
In view of the difficulty of securing control by 
artificial means it was decided greater success might 
be attained by the introduction of parasites of the 


satisfac tory 


miner and in 1935 the Dominion Entomologist re- 
quested the Imperial Institute of Entomology in 
England to have studies made of the parasites with 
a view to their introduction into this country. 

natural 
y was immediately under- 


\ comprehensive investigation of the 
enemies of Phytomyza di: 
taken by Farnham House Laboratory 
was found to be heavy ily attacked by parasites in the 


The species 


areas under study, and beginning with the spring of 
1936 several collections of parasitized material were 
made and forwarded to the Dominion Parasite 
Laboratory . Belleville, Ont. At the Belleville labora- 
tory the material was held in cold storage and incu- 
bation so arranged that emergence and liberation of 
the parasites synchronized with the proper stage in 
development of the host. The first parasites were 
forwarded from Belleville to the Victoria, B. ¢ 
laboratory in July, 1936, and this shipment con- 
sisted of 1,941 adults of (/ yemma Wik 
This species 1s said to be the prim ipal parasite con- 
trolling the holly leaf miner in Britain. Further 
shipments of the same species were made shortly 
addition a 
and (Chrysochar 


rysocharis 


after and in number of Sphegigaster 
faricornis Wlk yma Wik. From 
1936 to 1939 inclusive, five species of hymenopterous 
parasites These 
gemma, ¢ hrysoc haris syma, s phegigaster Maricornis, 
Cyrtogaster vulgaris Wik. and Opin Nixon. In 
the years 1936 to 1988 all the parasites rec eived were 
liberated in Victoria, but in 1989 all liberations were 
made in the city of Vancouver or its vicinity. 


were received were Chrysocharis 


jemma and 
established in 


OM the species released, Chrysochar 


Opius ilicis have become definitely, 


Victoria and there is a possibility that a third, 
S phegigaster Mavicorni , may also succeed 
A number of Chrysocharis gemma, Sphegigaster 


flaricornis, and Opius iu were caged on infested 
holly branches for experimental purposes and the 
first indications of possible successful establishment 
were seen in 1938 when 4 adult Sphegigaster were 
recovered from material caged in 1937. The follow- 
wharis gemma 
1938. All 
these recoveries were made in early spring It was 
not until 1940 that any 
seen in the open. It was noticed that a large number 
of the Phytomyza mines in a large holly plantation, 
made, had ceased to 


ing year 3 Sphegigaster and 5 Chryse 
were recovered from material caged in 


sign of establishment was 


where liberations had been 
attain their usual size at that time of year and were, 
in fact, merely round spots about one fourth of an 
inch in diameter. Investigation showed that all these 
Collections of 


subsequent ly 


diminutive mines were parasitized 
parasitized mines made and 
( hrysocharis gemma was recovered in large numbers 
\ survey of the plantation revealed the fact that 
approximately 80 per cent of all Phytomyza mines 
were parasitized. At another plantation, a few miles 
from Victoria, where liberations also had been made, 


were 


the same species has been recovered in quantity 
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The re overs of Opius ilicis was very unexpected 
and was made by the junior author when examining 
The first con- 
signment of Opius was received in 1937 and num- 


some holly trees near the laboratory 


bered only 90. These were enclosed in a cage on in- 
fested branches for the purpose of observing the 
habits of the species, as there was some question at 
the time of its being a primary parasite. None were 
recovered in 1988 and they were presumed to have 
died. But some individuals must have survived or 
escaped from the cage as there is now a flourishing, 
though isolated, colony at this spot. Little is known 
Adults have been ob 
served ovipositing in or near Phytomyza egg punc- 
tures. Growth is completed within the Phytomyza 


of the habits of this species 


puparium so the mines attain full size and parasi- 
be distinguished from others 
With Chrysocharis gemma on the other hand, growth 
is completed within the larva of the miner and the 


tized mines cannot 


mine ceases to grow ata comparatively early staye 

The emergence of adults of both Chrys 
) na and Opius dicts occurs early in May and is 
thus synchronized with the emergence of the holly 


wharis 


leaf miner 
Revarding the third 


cornis, this has not vet been recovered in the field 


species, 4 pli gigaster flari 
but in view of the fact that it has twice been re 
covered under caged conditions out of doors there 
is reasonable expectation that it may vet be found 
to be successfully established 8-1-40 

W. Downes and H. Anptsox, Dominion Entomo 
ogical Laboratory, Victoria, B. ¢ 
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Infestation of a High School by 
Oeciacus vicarius Horv. 

Early Tl 
ceived by the Livestock Insect Laboratory ot the 
Dominion Department of Agriculture at Kamloops, 
tritish Columbia, relative to an insect pest invading 
the high school at Banff, Alberta \ letter from a 


local physician stated that many of the students, 


June, 1940, communications were re- 


espe ially the wirls, were bitten, the bites “showing 


a reddened, swollen, itchy area, two or three ine hes 


in diameter So many students « omplained that the 
school was shut down and the authorities fumigated 
the building with formaldehyde gas: this treatment, 
however, proving unsuccessful Specimens of the 
insects were then sent to the Kamloops laboratory 
and proved to be the swallow bug, O¢ wus riu 


Hor Phe 


structed to 


school authorities were thereupon in 


destroy any swallow nests present and 


fumigate with evanide. From subsequent reports it 
was learned that swallows have nested under the 
eaves of the building for some vears but no effort was 


dislodyve 


weeks prior to the reports of insect bites, the s hool 


made to the nests until this spring. Two 


hoard dislodged some of the nests by the use of a 
hose and water under pressure. Obviously the pests 
so disturbed had made their way into the building 
by way ot crevices and cru“ ks around the doors and 
windows, soon penetrated every room in the building 
and their presence became evident following com 
plaints by students that they had been bitten. The 
buys bugs and 


locally determined as bed 


parents of the students attacked were greatly con 


were 


cerned over the possibility of their own homes be 


coming infested 


* Contribution No. 2019. Division of Entot gv. S 
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The nests of the swallows were destroyed and the 
building fumigated with hydrocyanic acid gas. The 
results were apparently satisfactory and the school 
reopened in time to permit final examinations. Early 
in July, however, the writer visited the school and 
it appears that swallows are rebuilding their nests. 
Whether the school will be reinfested remains to be 
seen.—8-7-40. 

G. AtteEN Maiti, Dominion Department of Agri- 
culture, Livestock Insect Laboratory, Kamloops, B.C. 


Mediterranean Flour Moth Breeding 
in Comb of Honeybee 


On May 11, 1939, we shut up our house in Berke- 
ley, California, and left for an extended trip. Upon 
our arrival home on July 9 we found a swarm of 
honeybees in the fireplace chimney. Numbers of bees 
were running about the living room and there was a 
loud incessant hum in the chimney. Since it was im- 
possible to remove the comb and the swarm because 
of the construction of the vent, an attempt was made 
to drive the intruders away. As the chimney top was 
only 14 feet from the fireplace, it was thought pos- 
sible to dislodge the bees by fire. Accordingly such 
quantities of papers were burned as to carry the 
blaze out the top of the chimney. Large numbers of 
singed bees fell into the fire, but the hum in the flue 
only increased in intensity and never ceased. These 
efforts were rewarded by more bees coming down 
into the house so that the occupants were frantic 
with them. Next a huge fire was built of oak wood 
with the idea that the heat would do the trick, but 
not so, the continuous hum never abated—in fact 
it increased in pitch and volume. Then more strenu- 
ous measures were resorted to. First quantities of 
alcoholic extract of pyrethrum were fed to the 
flames without results. This was followed by “Black- 
leaf 40° a half pint dashed into the hot fire, and 
finally 5 pounds of flowers of sulphur were ignited in 
two metal containers and placed on the shelf above 
the neck of the chimney. Two days of such experi- 
ments got no place, and the bees never seemed to 
take our efforts seriously. Hundreds of workers 
descended the chimney through fumes and smoke 
and some of them stung the writer which did not 
help the cause of the bees much. Fortunately at night 
those entering the room were successfully trapped in 
a powerful reflecting floor lamp which attracted and 
killed them immediately. 

On the third day experimenting ceased and known 
effective measures were taken. The neck of the 
chimney was tightly closed with hemp sacks and the 
front of the fireplace sealed. With a pound of granu- 
lar calcium cyanide in a paper bag and a tight cover 
for the chimney I climbed to the roof, emptied the 
cyanide into the chimney and clamped on the lid. 
By the time I got down to the fireplace the noise in 
the chimney had ceased. The cyanide had done the 
trick. The chimney was left sealed until the middle 
of September when the sacks and covering were 
removed. During the winter the fireplace was used 
much of the time and our experience with the bees 
hecame a memory. 

This summer we again left our house on June 15, 
1940, and returned June 28 to find another swarm 
of bees in the chimney. This time the bees were 
dispatched immediately and the chimney was left 
sealed, but the fireplace was opened up to remove 
the smell of cyanide which persisted for some time. 

In the latter part of July adults of the Mediter- 
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ranean flour moth began to appear in the house in 
large numbers and caused considerable annoyance 
at the windows and the lights. The entire house was 
searched for possible breeding places without suc- 
cess. The moths continued to appear. In August it 
occurred to me that they might be breeding in the 
honeycomb and old brood in the ( himney and that 
it would be well to let them clean up the comb and 
its contents so as not to attract other swarms of bees 
I pon the removal of the board from the top of the 
chimney a considerable number of larvae, pupae, 
and adults of the moth were resting on the underside 
indicating that they could only come from the comb 
a short distance below. Since opening up the ( himney 
only occasional moths have been seen in the house, 
and it is hoped that thev will completely destroy all 
remnants of the comb and its contents. This incident 
is another indication of the many household insects 
that may have been early 
other social insects. 9-20-40 

E. O. Essie, University of California, Berkeley, 


( il fornia 


associated with bees or 


Plum Curculio Adults Survive Low 
Temperatures in the South 


Many southern pear h growers are of the opinion 
that adult plum curculios in hibernation are killed 
at temperatures as low as those which were recorded 
in the South during January 1940. At Fort Valley, 
the minimum daily temperatures for the abnormally 
cold period January 19 to 29 were 14, 12, 17, 21, 32, 
20, 16, 12, 9, 12, and 19 degrees F. On January 30, 
the writer found liv 
Johnson grass and Bermuda grass near Fort Valley 


ing plum curculio adults in 


Later on the curculios moved from hibernation into 
the peach orchards in nearly the usual numbers. It is 
evident that, contrary to popular opinion, the un- 
usually low winter temperatures in central Georgia 
in January, 1940, had little effect on the curculios 
in hibernation. This is not surprising in view of the 
fact that the insect readily 
temperatures in the North 10-51-40 

Onuiver L. Swapp, [ S. Department of Agar for 


survives much lower 


The Use of Calcium Cyanamid in the 
Control of the Pear Thrips, 
Taeniothrips inconsequens 
Uzel, in Prune Orchards 


The control of the pear thrips, Taeniothr j 

onscaouen I zel, in prune ore hards has bec ome one 
of the major problems confronting the industry. 
Studies in the prune orchards of Clark 
Washington, inthe spring of 1939 Huber ef al 
showed that pulverized and oiled calcium cyanamid 


of commercial grade, when applied to the soil at the 


( ounty, 
1989 


rate of 500 pounds per acre, reduced the number of 
overwintering thrips to emerge from the soil by 
approximately 90) per cent Duplicate areas were 
treated in orchards in three localities within the 
period of March 3 to 27 
of thrips to emerge, as determined by trap counts, 


three orchards was 


The average total number 
on non-treated areas in the 
708.5, 135.5, and 48 5, respectively, and on the 
treated plots was 79, 13 The 
py ramid shaped traps eat h covered 9 square feet 


5, and 5.5 respec tively 


and were designed atter those used and des« ribed by 


Smith 1938 The results ot these studies also 
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showed that the time to apply the dust for maxi- 
mum effectiveness was shortly 
wintering thrips began to issue from the soil 

These studies were continued in the spring of 1940. 
Several acres were treated in each of three orchards, 


before the over- 


using a power duster to broadcast the calcium 
cyanamid at the rate of 300 pounds per acre. The 
duster was equipped with a hood and short apron to 
confine the calcium cyanamid near the ground, and 
to prevent it from drifting into the trees. Two of the 
orchards were located in Fruit Valley and the third 
on upland with a southwest exposure toward Lake 
Vancouver. The period was one of almost daily rain- 
fall, the dust at times being applied in the rain, a 
condition contrasting with that which prevailed in 
1939, a dryness and with 
little or no interference from rainfall 

Some insight into the effectiveness of lighter ap- 


season of comparative 


plications of the dust was gained from tests on small 
trial plots where the calcium cyanamid was applied 
with a hand duster at the rates of 200 and 100 
pounds per acre, respectively. Each plot included an 
area 20 feet square with a tree at its center, the trees 
in the orchards being set at distances of 20 feet each 
way. All tests were made in duplicate. The data 


obtained have been summarized in table 1 


Table 1.—Control of Pear Thrips—Vancou- 
ver, Washington—1940 
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The results obtained from the use of 
cyanamid in 1940 confirm those o 
Moreover, it appears that lighter 
equally effective in the control of the pear thrips 
I'here are several reasons for interest in the possible 
The use of calcium 


tained in 


ipplications are 


use of the lighter applications 
evanamid in this manner has been shown to be de- 
structive to the apothecia of the brown-rot fungus, 


fructicola (Wint Rehm Huber & 


and isan accepted source of nitrogen in 


Nelerotinia 
Baur 1939), 
meeting fertilizer requirements. It appears that two 
applications of the calcium cyanamid dust may be 
indicated where the control of both pests is sought, 
as an application timed for the control of the pear 
thrips is, under certain weather conditions, too early 
for maximum effectiveness against the brown-rot 
fungus. In such a situation, the lighter applications 
would doubtless by preferable from the standpoint 
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might also be 
fertilizer requirements of the crop 


The effect of the calcium cyanamid on the cover 


of economy and 


crops should be mentioned The vegetative cover of 


the valley orchards consisted in a mixture of Aus 
trian field peas and chickweed, Stellaria media (L 

Cyrill., while the upland orchard had been planted 
to vetch. Within a few days, following the applica 
tion of the dust, the vegetative covers had taken on 
a badly 


composition was noticeable 


burned appearance and the odor of de 
However, in most in 
stances, new growth appeared within two or three 
weeks and the vegetative cover seemed to come back 
with mere ised vigor his was espec ially true of the 
vetch 

Ihe results of these exploratory studies justify 
more extensive investigations into the possible ap 
of calcium eyvanamid to the problems noted 


plicat or 
t scheduled for the coming 


Such investigations are 


vear.—11 +40) 


E. P. Breakey, Gienn A. Huser, Kart E 
Baunx. Western Washington Experiment St 
Washingtor 
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\ New Species of Leafmining 
Sawfly Attacking Violet 


vears it has been noted that 


For the past four 


violets, near the aplary of the Massachusetts State 
College ere rite sted bv a leaf miner The oets 
ed } é ee dente | ] 
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toward the upper surface of the leaf. To determine 
the amount of mining, the lengths of the tunnels 
were measured. It was found that the tunnel lengths, 
made during an instar, were relatively constant 


Instar Average Length of 
Tunnel in Cm, 
| 1.82 
2 2.58 
} 4.20 
} 7.92 
) 12 +) 
6 18.32 


Che duration of the feeding period was determined 
as between 22 and 28 days. Most of the larvae, that 
ceased feeding after the 5th instar became quiescent 
on the 23rd or 24th day. Those passing through a 
6th instar require from three to four days longer. 

When the larvae have stopped feeding they craw] 
from the leaf and migrate to the soil. In 1939 soil, 
trash and plants were brought into the laboratory 
and examined for pupae but none were found. 

In 1940, adults of this insect were collected some 
of them being taken as they deposited their eggs. 
They were sent to the Bureau of Entomology and 
Plant Quarantine for identification due to the illness 
of Miss Sandhouse, the specimens were forwarded 
to Dr. Herbert Ross, of the Illinois Natural History 
Dr. Ross identified the specimens as a new 


1 1-4-40. 


“survey 
species of Fenusa and will describe it. 
F. R. Suaw, Amherst, Massachusetts 


Corn Ear Worm Hibernates in 
Washington State 
The corn ear worm Heliothis armigera (Hbn.) is 
very destructive to both sweet and field corn in most 


Washington. Throughout the 
for example, almost 


sections of eastern 
season in the Yakima Valley, 
every ear of corn is infested, although by growing 
long, tight husked varieties such as Golden Cross 
Bantam, much of the damage is confined to the tip 
of the ears. Exploratory experiments in the control 
of this pest have been carried on for four seasons 

Fall plowing and other methods of cultivation 
1937) to be effective 


control measures in regions W here the corn ear worm 


have been shown by Barber 


hibernates. Data concerning hibernation of this pest 
within the state was not available. Corn ear worm 
hibernation cages were therefore constructed and 
operated according to plans obtained from C. M 
Packard and R. A. Blanchard, of the Bureau of 
Entomology and Plant Quarantine, to determine if 
the corn ear worm could pass the winter successfully. 
Four cages were placed in each of two different 
localities during the winters of 1988-39 and 1989-40 
he data obtained from these cages are summarized 
in the accompanying table 

Placement of worms in the cages in 1938 was com- 
pleted as much as six weeks later than in 1939. There 
was no fall emergence of moths in either year. Late- 
ness of worm entry in 1958 seems to have reduced 
the amount of pupation in fall and survival of pupae 
n spring Apparently entry in September is more 
conducive to successful hibernation. The percentage 


of pupation in fall seems to have little bearing on the 
amount of emergence in spring. Pupal survival in 
spring, on the other hand, seems to be a fair indicator 
of probable emergence. It is difficult to believe that 
emergence following hibernation amounts to only 
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Table 1.—Corn ear worm hibernation cage record from four localities in the state of Washington. 








Per Centt 
Pupation Survival of Moth 
in fall Pupae in Emergence 
Worms One cage Spring Two Cages Periop 

LOCATION ENTERED each One cage each or Morn 

oF CAGES Som Type* So Location each Location Location EM MERGENCH 
Prosser, Irriga- Sagemoor 9-30-88 6 24-89 
tion Branch fine sandy to 24 12 2.38 to 
Exp. Station loam 11-15-38 7— 8-39 
Walla Walla Walla Walla 9-29-38 
Penitentiary silt loam to +7 3 0 
Farm 11-10-38 
Walla Walla Walla Walla 9-15-39 6 26-40 
Wireworm lowland to x2 dD) 1.96 to 
Laboratory soil 9-29-39 7—- 9-0 
Vera, near Garrison 9-18-39 
Spokane, gravelly to 67 0 0 
Spokane Valley sandy loam 10- 4-39 

* Descriptive titles suggested by Dr. L. C. Wheeting, Research Professor of Soils, State ¢ g f Wa y 

+ Per cent based on number worms entering soil in eact ive. Numbe ‘ $s Dp ww ges fre rT m l 1368 
worms entered the soil in the 16 placements. Sever s emerged 


two per cent, yet these data compare favorably with may be considered the period of hibernation, the 
those obtained in other regions, according to R. A 
Blanchard. The time of emergence as found in the 
cages is much later than the appearance of worm 
damage in the field, which may begin in April 

The lighter soils such as the Sagemoor fine sandy 
loam seem to be more favorable to successful hiber- 
nation than are the heavy soils. The silt loam in the 
first Walla Walla experiments packed solidly. The 
soil in the second Walla Walla experiments Was con readily apparent Annual precip tation at 
siderably lighter and the cages were near an irriga Walla and Spokane amounts to 17 
tion flume so that the soil remained moist most of 7 inches is recorded at Prosser. About SO per cent 
of the rainfall occurs during the period from Sep 
tember to April Even with such a vreat difference 
in total rainfall, approximately the same amount of 


mean temperature in Spokane is about 40 degrees F., 
, and Walla Walla 


Spok ine valley has 


Prosser is less than 44 degrees | 
is slightly above 45 degrees F 
an elevation of about 2000 ft. above sea level. This 
is about 1000 ft. higher than Prosser and Walla 
Walla and largely accounts for the temperature 
difference Perhaps there is enough difference in 
temperature to affect on, but it is not 


Walla 


inches ind only 


hibernat 


the season, a factor which may have favored emerg 
ence. The heavy gravel in the soil in Spokane Valley 
forced shallow pupation and all the emergence tun- 
nels had collapsed by spring. There are insufficient 
tests to show definitely that hibernation does not 
occur in Spokane Valley. All of the soil, furthermore, 
is not of this type though it does predominate. On 
the whole, however, worm infestations are somewhat 
lighter in the vicinity of Spokane than in the south- 
ern part of the state, and this may be related to low 
winter survival 

The weather during the two years was compar 
able. Both winters were considerably milder than 


hibernation occurs, and so it may be assumed that 
precipitation within this range will not affect the 
overwintering rate. All three areas are 
very little water is applied during the period of 
hibernation 10-16-40 

R. D. Ercumann, Agricultural ka 
State College of Washington 


rrigated, but 


wi Nt 
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normal and there was very little heaving of the soil 
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What Should Be Published in Our Journal 


Tue JourRNAL oF Economic ENTOMOL- 
oGy had its beginning when the U. S. 
Department of Agriculture discontinued 
publishing the records of the meetings of 
American Association of Economic En 
tomologists and papers presented before 
these meetings. It later was taken over by 
the Association as its official publication 
and when the revised constitution 
approved in December, 1937, the publica 
tion of the JouRNAL oF Economic EN 
TOMOLOGY became one of the stated objee- 
tives of the Association. The objective of 
the Association other than publication set 
forth in the constitution is “to promote 
the study and to advance the science of 
Entomology.” 

Defining the objectives of the Associa 
tion to include the publication of the 
JOURNAL O} kK ONOMIC ENTOMOLOGY ona 
basis equal and coordinate with the pro 
motion of the study and the advancement 
of the science of Entomology establishes 


Was 


in a general and broad way the subject 
matter that may be included in material 
published in the JourNnaL. The material 
published should be of a nature to “pro 
mote the study and to advance the science 
of Entomology. 

\ review of the 
cluded in the JouRNAL gives a general idea 
of how nearly the JouRNAL has succeeded 
in publishing material in all the fields of 
endeavor included under 
definition. There have been articles con 
taining deseriptions of new species, arti 


numerous papers in 


such a broad 


cles dealing with apiculture, plant quaran 
tines, cooperative efforts to control in 
jurious species, the history of entomology, 
administrative problems relating to en 
tomology, extension activities, 
entomology, ticks, diseases of insects, the 
relation of insects to diseases of animals 
and plants, insecticides and many other 
activities and problems. The greater num- 
ber of articles have dealt, however, with 
insects, their habits, distribution and ways 


teaching 


of reducing their numbers by various 
means. Articles in these fields and es- 
pecially those last mentioned have for the 
most part set forth the results of inves- 
tigations pursued with some economic ob- 
jective. There has, therefore, been a 
tendency to consider that all articles pub- 
lished in the JouRNAL should be based on 
original research. There is much merit in 
this. To use original research as a rigid 
measuring stick would, however, overlook 
many things with which the study and 
advancement of the science of Entomol- 
ogy is concerned. 

In the early days of the Association the 
members were concerned largely with re- 
search. Today we realize perhaps even 
better the importance of research and how 
essential accurate information is. The 
scope of entomology has broadened, its 
importance more generally recognized and 
many more workers have entered the field 
and joined our Association. Those inter- 
ested in special lines of endeavor have met 
and, with the approval of the combined 
organization, formed sections. That other 
units will organize and be recognized as 
sections seems certain and desirable. It 
will be a natural expression of growth. 
Our constitution provides for this but as 
far as the publication of the results of 
their deliberations or papers presented the 
Section is on a somewhat different basis 
than those units of the Association known 
as Branches. It says that the papers pre- 
and the within the 
Branches “shall be eligible for submission 
for inclusion in the publications of the 
\ssociation.”” Papers presented at 
tion meetings have no special recognition 
sequence of consideration. 
They are to be considered on their merit 
and be subjected to the requirements im- 
posed on contributions not presented be- 
fore meetings of the main Association or 
its Branches. Action by the Association at 
its annual meetings in 1934 (Pittsburgh) 


sented discussions 


sec- 


or assured 
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and 1935 (St. Louis) indicates, however, 
that the annual addresses of section chair- 
men would be published in the JourNAL. 

To improve and maintain the standard 
of articles published in the JounRAL our 
(Association has created a Publications 
Committee to help the editor. Except for 
the annual address of its President, Sec- 
tion Chairmen and papers presented on 
invitation of the Association, the length 
of articles has been limited unless the 
Association is relieved of the cost of pub- 
lishing the additional material. The need 
for such limitation is recognized. Limiting 


Cl 
UNITED STATES RUBBER COMPANY 
EMPLOYS Two EN TOMOLOGISTS 


The United States Rubber ¢ ompany announces 
that it has added 
its staff 

Mr. A. M 
work and will be connected with the Sales Depart 
ment with headquarters at the New York Office of 
Company located at 1230 Sixth Avenue 

Mr. R. J. Norton will carry on research work in 
greenhouses maintained at Fairlawn, New 
in connection with the General Development Di 


two economic entomologists to 


Lord is to assist in sales promotion 


Jer sev. 


vision at Passak 

Both of these entomologists are 
University of New Hampshire and have pursued 
special work in entomology under the direction ot 


Dr. O'Kane 


graduates of the 


(CUMBERLAND-SHENANDOAH 
SPRAY CONFERENC! 


The annual conference of entomologists, patholo 
gists and horticulturists interested in the orchard 
problems of the Cumberland-Shenandoah region of 
Maryland, Virginia, West Virginia 
held in Martinsburg, 


on the afternoon and evening of Nove mber 


Pennsylvania, 
and neighboring 
W. Va., 
14 and the following morning 

The afternoon was spent in inspection of experi 


states was 


mental work in nearby ore hards In the evening the 
group convened for preliminary business and later 
the entomologists and pathologists had a separate 
meeting to dis uss progress and problems of the vear 
This meeting was continued on the following morn 
ing 

The codling moth, the pistol casebearer 
Comstock’s the 
\fter the discussion the spray rec ommenda 


ind the 


mealvbug were insects most dis 


cussed 
tions for the following year were agreed upon, as is 
Modificat on 


force 


the practice in the group concerned 
of the iously in 


mainly to adapt them to the re 


recommendations prey was 
ised tolerance tor 
residues of lead ind arsenic recently announced 


Mr. George 


of entomologists, 


Geissler presided over the meeting 


and Kk ( Sherwood acted as 
Set retary 


\ final session of 
a luncheon in the 


t he entire group was followed by 
Hotel head 


quarters of the conference 


Shenandoah, the 
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the contributions to original research ig- 
nores established practice and the objec- 
tive “to promote the study and to advance 
the Entomology What is 
desired is a bigger and better Jor RNAL 
which will include articles in all fields 
that come within the broad scope of 
activities included under our objective 
These must, however, be of a character 
which merits approval and the company 
of those being published Ith the most 
prominent entomological periodical of the 
world. 


science of 
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NATURAL Resources BUILDING 


Depicatep aT UrBans 
Many prominent entomologist ittended the 
dedicat on, November 15, of the N ural Reso irces 
Building, new headqu irters of the Ill Natural 
History Survey on the I n ersilt ot l now Campus, 
Urbana. President Isaiah Bowman of the Johns 
Hopkins University delivered the principal address 


the title. 


Our Better Ordering 
isa phir ise from the Mavflower compac 


“There is nothing l ibout 


that ve can sa or do 


conservation, President Bow: ! said in part, 
“that is not embraced in the scheme of nation 
building Inless we look at natural resources 


standpoint oft our better rdet ne ind 


does no nn if ill to study the 


from the 
preservation it 
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mineral deposits of Illinois, or to look into the 
conservation of its oil and gas resources, or to lower 
the rate of soil erosion, or reduce the damage of in- 
sect pests and of « rop and fruit diseases.” 

The American of 


tomologists was officially represented by J.J 


kx oOnomic En- 
Davis, 


\ssociation 





New Natural Resources 
Building at Urbana, IIl 


Past President, of Lafayette, Indiana; and P. N 
Annand, member of the Executive Committee, of 
Washington, ) ( the Entomological sSociely 
of America by C. E. Mickel, Secretary-Treasurer, of 
St. Paul, Minnesota: the Entomological Society of 
Washington by ¢ | W Muesebeck, President, 
of Washington, D. C.; the Entomological Society of 
Ontario by Arthur Gibson, Dominion Entomologist, 
of Ottawa. Canada 


Among the other entomoloyists who attended are 


J. D. Detwiler, University of Western Ontario, 
Canada ‘a \ Graham, University ol Michigan: 
Alvah Peterson, Ohio State University; ¢ L. Fluke, 


University of Wisconsin; Curtis W. Sabrosky, 
Mi hiv in State (¢ ollege: (;eorge Stevskal. Detroit, 
Mi higar \W NI Boesel, Miami | niversity, ()x- 
ford, Ohio; and W. E. Ricker, Indiana University 
Several of these entomologists attended as official 
representatives of the institutions with which they 
are associated 

large Georgian structure of steel, concrete, and 
brick, the Natural Resources Building is so planned 
that all five of its floors may be used for laboratory 
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or office space. With its equipment it represents an 
outlay of nearly $800,000, appropriated by state and 
federal governments. It is shared by the Natural 
History Survey and the Geological Survey. 

The Section of Economic Entomology of the 
Natural History Survey occupies offices and labora- 
tories on the first floor and in the basement. En- 
tomologists in this section also make extensive use 
of a six-section experimental greenhouse recently 
constructed south of the new building. 

On the second floor are located offices of the Sec- 
tion of Insect Survey. Here also is a large collection 
room with 2,640 trays in 180 cases and additional 
cases with adjustable shelves for vial collections. 

New equipment for use of the entomologists in- 
cludes a constant temperature room and tempera- 
ture control units, laboratory desks and sinks es- 
pecially designed, chemical hoods, and a compound- 
ing room for preparation of insecticides used in 
experimental work. An extensive library, a photo- 
graphic dark room, a drafting room, and a machine 
shop also are available to entomologists. 

At the west end of the building on the first floor 
are the Natural History Survey's administrative 
offices. Adjoining the combination office and con- 
ference room of Dr. T. H. Frison, Chief, and former 
Editor of the JourNaL or Economic ENTOMOLOGY 
isa small but well-equipped office and laboratory in 
which Dr. Frison carries on his insect studies. 

The old State Entomologist’s Laboratory, formerly 
headquarters of W. P. Flint and other members of 
the Section of Economic Entomology, has been re- 
tained by the Natural History Survey principally 
for the game management staff. However, studies of 
termites and household insect pests will be con- 
tinued in certain rooms of this building. 


ENTOMOPHAGOUS INSECTS 


Entomologists who are not on the mailing list of 
the publishers, The McGraw Hill Co., of New York, 
will be interested to know that the new book by 
Dr. Curtis P. Clausen, of the Bureau of Entomology 
and Plant Quarantine, entitled Entomophagous In- 
sects, has just been published. 

The book sells for seven dollars but appears to be 
well worth the price to the working entomologist. 
\ review of the work will be printed in the February 
number of the JouRNAL. 
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Poinsettia blossoms, nectar secretion in, 409 
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bearing insecticides and the elm leaf beetle, 
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Shade trees, insecticides for, 247 
Sheep parasites, use of portable vy 547 
Simuliids, feeding activity of, 915 
Sod webworms, biology and control, 886 
Southern pine beetle, control of, 554 
Soybean flour in codling moth control, 862 
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Soybeans, injured by locust leaf miner, 742 
Sparrow hawks, food habits of, 583 
S pilonota occellana, 336 
Spraying 
aerial, with concentrated mixtures, 676 
citrus trees, 85 
Spray 
materials, for use with nicotine peat, 717 
oil, toxicants and solids added to, 92 
residues, 447, 918 
oil, 900 
Sprays 
codling moth, 713 
factors in deposit of, 102 
non-residue for codling moth, 340 
orchard, tar oil, 600 
residual poison, 926 
Spreaders, new, for insecticides, 247 
Squash bug, control by calcium cyanide, 475 
Strawberries, control of white grubs in, 6938 
Strawberry 
crown borer, poison bait for, 812 
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